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TO 
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A MONTHLY REVIEW OF ASTRONOMY. 



No. 170. 1891. Vol. XIV. 



INTEODUCTION. 

In the absence of any criticism or suggestions as to the contents 
and arrangem^it of last jear^s 'Companion,' we have made no 
change in the present issue. 

As in former years, we have to thank Mr. Denning for revising 
the ** Meteor Notes," Mr. Lewis for the Doable Stars, for some of 
which Mr. Maw has kindly supplied observations. M. Loewj has 
again favoured us with advance-proofs from which we have obtained 
the Variable Star Ephemerides. The occultations and phenomena 
of JupiteFs SateUites are from the 'Nautical Almanac'; the 
diagrams and Ephemerides of the SatelHtes of the other planets 
from the 'American Ephemeris.' 

The " Fraction of the Year " is the fraction which has elapsed 
at mean noon of the particular day. The Moon's declination 
is given for mean midnight. The "Longitude of the Moon's 
Terminator " is given for mean midnight ; the letters M. and E. 
signifying morning and evening — that is, that the Sun is rising 
or setting on that particular longitude of the Moon's sur&oe ; the 
«gn — indicates longitudes reckoned frcHn the central meridian 
in a westward direction. The angles of disappearance and re- 
appearance for occultations are reckoned from the true north in the 
direction N. K S. W^ as for double stars. 

Greenwidi Ifean Time is used in all cases, and the astronomiod 
dtgf is ifchfined from noon to noon as in previous years. 



•» * 



The Sun.— Phases of the Moon. [No. 170. 



Z^ 



Date. 


Day 

of 

Year. 


Fr. of 
Year. 


Sun 


1 

O's Dec. 
Noon. 


M.T. at 

Apparent 
Noon. 


Sid. T. at 
Mean 
Noon. 


Moon's 
Phases. 




Sets. 


Rises. 










h m 


h ni 


1 


h m 8 


h m 8 


d h m 




Jan. 4 


4 


•008 


4 * 


20 8 


22 44S 


058 


18 55 14 


(T 2 22 12 




II 


11 


•027 


4 II 


20 4 


21 48 


8 8 


19 22 50 


#10 3 25 




i8 


18 


•047 


4 22 


19 58 


20 33 


10 38 


19 SO 25 


D16 18 18 




as 


as 


•066 


4 34 


19 50 


18 58 


12 33 


20 18 I 


O24 12 25 




Feb. I 


3» 


•085 


4 47 


19 40 


17 6 


13 48 


20 45 37 


(C I 16 42 




8 


39 


•104 


4 59 


19 28 


14 59 


14 ^4 


21 13 13 


• 8 14 12 




15 


46 


•123 


5 12 


19 15 


12 40 


14 22 


21 40 49 


}) 1 5 6 30 




22 


S3 


•142 


S 2S 


19 I 


10 II 


13 43 


22 8 25 


O23 7 18 




Mar. I 


60 


•162 


5 37 


18 46 


7 35 


12 33 


22 36 I 


(T 3 7 37 




S 


67 


•181 


5 SO 


18 30 


+ 53 


10 59 


23 3 37 


• 9 23 51 




15 


74 


•200 


6 2 


18 14 


2 8S 


9 7 


23 31 13 


D 16 21 II 




22 


81 


•219 


6 13 


17 58 


38N 


7 3 


23 58 48 


C25 I 12 




*9 


88 


•238 


625 


17 42 


3 23 


4 54 


26 24 






April 5 


9S 


•257 


6 37 


17 27 


6 4 


2 47 


54 


(T I 18 30 




12 


102 


•277 


6 48 


17 II 


8 41 


51 


I 21 36 


• 8 8 57 




»9 


109 


'296 


7 


16 56 


II 10 


23 59 8 


I 49 12 


y> 15 13 40 




26 


116 


•315 


7 12 


16 42 


13 31 


57 45 


2 16 48 


023 17 5 




May 3 


1*3 


•334 


7 23 


16 29 


15 40 


56 47 


2 44 24 


<r I I 5« 




10 


130 


•3S3 


7 34 


16 17 


17 37 


56 16 


3 12 


• 7 18 16 




17 


137 


•372 


7 4S 


16 6 


19 20 


56 13 


3 39 35 


)>15 7 4 




44 


144 


•392 


I 55 


15 57 


20 46 


56 36 


4 7 II 


O23 6 26 




31 


151 


•411 


8 3 


15 SI 


ai 55 


57 25 


4 34 47 


<C3o 6 55 




June 7 


158 


•430 


8 10 


15 46 


22 46 


S8 34 


S 2 23 


• 6 4 26 




H 


165 


•44.9 


8 15 


15 44 


23 16 


23 59 S8 


5 29 59 


})I4 34 




21 


172 


•468 


8 18 


IS 45 


23 ^7 


I 27 


S 57 35 


C21 17 12 




28 


179 


•487 


8 19. 


15 48 


23 18 


2 56 


6 25 II 


([28 II 16 




July 5 


186 


•507 


8 17 


IS 53 


22 48 


4 16 


6 52 47 


• 5 15 59 




12 


193 


•526 


8 12 


16 


22 


5 ai 


7 ao 23 


J13 17 29 




'? 


200 


•545 


8 5 


16 8 


20 52 


6 2 


7 47 59 


O21 I 54 




26 


207 


•564 


7 56 


16 18 


19 28 


6 17 


8 15 35 


<C27 16 33 




Aug. 2 


214 


•S83 


7 46 


16 28 


17 47 


6 3 


8 43 10 


• 4 5 i» 




? 


221 


•602 


7 33 


16 39 


IS 53 


5 ao 


9 10 46 


)I2 9 12 




16 


228 


•622 


7 20 


16 50 


13 46 


4 9 


9 38 22 


O19 9 28 




23 


*3S 


•641 


7 6 


17 I 


II 28 


2 31 


10 5 58 


((26 9 




30 


242 


•660 


6 51 


17 12 


9 I 


33 


10 33 34 






Sept. 6 


249 


•679 


6 35 


17 23 


6 28 


23 58 19 


II I 10 


• 2 20 16 




13 


256 


•698 


6 19 


17 34 


3 49 


SS 55 


II 28 46 


l>io 23 7 




20 


263 


•717 


6 3 


17 46 


I 6N 


53 26 


II 56 22 


O17 17 4 




*7 


270 


•737 


5 47 


17 S7 


I 37 S 


SI I 


12 23 57 


([24 II 7 




Oct 4 


277 


•756 


5 31 


18 9 


4 a» 


48 46 


12 51 33 


• a 12 58 




II 


284 


77S 


5 IS 


18 20 


7 I 


4648 


13 19 9 


Jio 10 57 




18 


291 


•794 


5 


18 32 


9 37 


45 H 


13 46 45 


O17 I 45 




*5 


298 


•813 


4 46 


18 45 


12 6 


44 9 


14 14 21 


(C24 I 56 




Not. 1 


305 


•832 


4 32 


18 57 


14 26 


43 40 


14 41 57 


• I 6 33 




8 


312 


•852 


4 20 


19 9 


16 35 


43 SI 


'5 9 33 


}) 8 20 46 




15 


319 


•871 


4 10 


19 22 


18 30 


44 41 


IS 37 9 


O15 la 16 




22 


326 


•890 


4 I 


19 33 


20 9 


46 13 


16 4 45 


C 21 20 26 




*9 


333 


•909 


3 54 


19 44 


21 30 


48 24 


16 32 20 


• 30 23 45 




Deo. 6 


340 


•928 


3 50 


19 54 


22 31 


5' 2 
54 18 


16 59 56 


J 8 5 13 




13 


347 


•947 3 49 


lo I 


23 10 


17 27 3* 


O15 53 




'o/s/4 1 


'967 i 5 50 


20 6 


»3 27 


23 57 43 


17 55 « 


Caa 17 39 




rr/f/l 


r.y ^ '' I 


20 8 


23 208 


I 1 \x\ \% XX ^^l ^^p 15 to 


V 


I'^Sr Moc 


>£'s ph, 


tbea': 4 


^ signi 


fiesNew 


; > Firati 


^u«t\«r*, Q 


Y^\\ 1\ 


Mfc<)3BHA«t. 


^ 







1891.] 


ne M>o«. 8 


ij 


i 


ill 


+4-4-+ 444 ' ll T TTT 1 +4+ ++++ ■ Vi rrTT 


1 


i!:; ;; f-^f: :::::::? ::?i::|::??:i 


■■ilinog 


'111'. Ir?^*?! '^^rr*- I^i^'T":^ ;i.„ 


1 


B'^S.'-X "SSsJ-S R'KS-irSS susj-sss =rsf: 




5- 


■qillOK 


iSs,^ »BSte5a«. «ai!&&a «jiiSSsa.» «ai;s; 




-rt.^* .-^.~« *o - 2:r*r^^^ rg « s ^J? IJ^^? 




J 


III 


T i + + + + + ++ M 1 1 1 1 +++ + + ++ 1 1 1 1 1 




1 


.:.„,„„„ -..;-■ ^." ?:-„&■= 5S S-" =■?."= 5 




■miinoe 


^ri:;L":^ Ji^:r':i?:::-r: ::::::::: 




1 


s = ?.-»j:;2 S|SSS.rK =;;:°S'i; JS^fl;^; n 




t 


■1-«M 


*aSSSi>» ».SSSgfc« aSi&Sha «!aSSH!.„ «; 




-i|HioK 


_ «^*.«j>^ « ffxo -^ ^j ^^ ^«^s - j:y;t^^s=s « 




^ 


ii 


\+4*+++ 'TTr*"" 1 ++++++ + 'VT "T" 


' 


1 


■j::!:::::r?i:::::S:3:::^^:^ 


■wnnog 


■E-,S~-1« ;-,s-„^--^5S^='-- »2,SS,S.-i 


1 


a5,issscj .?=?:;^^i-;:2;°J| JfJ;;;* 




1 


T1*3.W 


UjH,£iS^^« wSH^i^^* MSt^^HU.-/; nHiSSSfcrB 




■i(iu"H 


.,„,™.^-.o--~»^-.^--8; S^'JSSS-S 




i 


III 


■fii J+JtS ' '°"Tm I + ++++++ ■ "Trrr 


^ 


1 


o^"* £^i^««*"^ rr«ro^,o --^-s^^tj^ o.D«n-« 


itpnog 


^i:!:r :!!-?;= ---.";-- ^--^nj -:?^™ 


1 


s 


'J:: lli'ilii 3;rr~ t-^-."J' -—-- 



i ^ / -1"^/ tJa.^ aa^»i3a.-» «ig6»5i-n «a-;.'i-&j.t.. ^T' ^ 



[No. 170. 



Ill 






'laa.w » oaSH^H&iE oaaHSH^ao MSf^fcHifo wHri&fri&i! 



I + + + + + + + 



"ss-^^as :?$- 



. ■^™^.* tt c 



"13fl,\i ^Hfew (aa^^&-*a; (oEe^&r-iar: (flSH^^tnOT oS^E- 



+++++++ 



S5 2"C;'i ; ?J 



,1 j;::!:^ ■ 



M-Vi I ^^Sh^^.c oiT^H^Hioi rtSH^?:^^ bbSh 






jS / ■T*'-iW 



/ fc.« •iSH^^fc.ao wS&^^ti-Tii qt'EV'^^^'^ 'n>.fe^'»fe>' 



"yaoit I - -^ 






^ 


Ml 


-I- + + + + ++ 1 1 1 1 Ml + + + 4- +++ 1 


1 _ 




iqinog 




1 


j :rJ ! Jo": "^il^ Ii "'-- - '2 "r°4 1-!P " 


1 


'l^M. 


E3&iHt*H=0 tflSH^^C^ffJ rnHH^Sfcioo mSHS^tnc (AShS^ 


-qiaopi*! -""-►''■ •°'^-^E = :; r*r-s::°2S- s;;2?3-«'S e-'SS'S,^ 


j 


m 


■ TTt?" 7 +++++++ ITrTTT I++ ++++ + 


i 


o^^SS-St" SirS-=-= ':3^'S".J= t---.-3 -; 


■■tnnos 


B :t*i^Ji RM--aj ?;i3.K^= -s,ii:ss,r sj 


1 


j;:;:^*;;^; -: = i?™ |1»"^- s::??-e:>-? 


S 


•\^iL 


asS^Si,^ MSBSSBa, aafiS^Sfaa asesSa„ "a 


-qiiioK -«->■+'">;"- » *.o-^ ^* r'^ ^T'S^Sw a S'?« mS-°5 S'3- 


I 


III 


+ 1 11 1 1 1 f+ + + + + 4-+ M 1 M 1 1 + + + + + + + 


^1 


1 


;=:: ::::!?^ !:::!:!; :f;::^: i::rfi= 


-B<|)iiog 


°*!^ o-^-~"«^l"-^ -*i-?^?^ ••S2:3^r 




1 


J jI ::::;1'; :::::|: ::."';L. "r:::^:-: 


^ 


'^■«M 


Si« mHiSSSs.^ a.Bi5SiS(,» »iSE2Sg^», iBHiSfeSKa. 




■41UOK 


_,„ *»oK»=.o : : -j^. t •: rs = 3 yJ :r-Si^-s?5,=, 




•3-i ^ 

1^1 


+ '""iT I7"T+++ ++++ '"1 TT"T I++ "+++ 


1 i 


1 






■qinog 


a^;iit --"==_;;; :f:r!':!;^™i:ri^ !.:? 




1 


^.»... „..,.. :5jra-- -—'2= =r?:r 


1 


1~M 


H&HfcM WSH^HftOT OlBH&Hfe^ MaES&H&.71 MBhS 


-inuoH 


-.„.„«K-.2;; -ir-Sf!;- ".-.".^fs". •-•"•■4"- 



Meteor-tkowert. 



[No. 170. 



Litt of the principal Meteor -ahairrrB of the Year, derived from 
recent O&servatiom. Rv W, F. Dennino. 
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Jul «.. 


230 +53 ! Swift . loDg paib.. J.Jv ig 


339 -12 Slow; long. 


5" 


.40 +57 iS-ifi; -hort. 30 


6+35 Swiftp; itreiitB. 




zii +4a : Swift; MroiU j, 


7 +11 , Swift; atreakff. 


17.. 


195 +Si Slow: bright. Aiig. 4 


J3 +j6 Swift; atreaLs. 




log - 8 ■Verj.*ift;«r«ik» .d 


.- 45 +B7 Swift; atreaks. 


15 ,- 


180 +14 Swift. ,6 


6t +48 .Swift; atn«ks. 


F.L ♦.. 


61 +iS Batherawia. 11 


73 +41 i Snifl; atrvaka. 


ij- 


i;& +11 Swirt: sirmLa. 11 


191 +6a , Slow; bririit. 


JS- 


161 + 4 Swift; atmka. 2: 


5 +ii ;Slow;.hort. 




<g. +J+ Swift; bright. Srpt. 3 


- 35+ +j8 . VeryawifL 




163 +36 Swift: iiredu. 4 


... 346 ± Slow; bright. 


lUr. 1 .. 


47 +4S Very .low. 


61 +37 Swift; Btreaks. 


■*■- 


175 +10 : Slow; bright. 1; 


4» +4+ Vmawift. 




1*0 —14 i Swift; simiks. 19 


5 +10 Slow; abort. 


Ig .. 


Ji6 +76 Slow; bright. 21 


.. 3" +"9 Slow. 


»4-- 


.6. +58 Swift. 12 


. Jji +5S Slowiah. 




129 +31 Swift; small. i: 


6] +22 Swift; streaks. 
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26J +61 iRathef swift. -0 


IJ +-I Small; abort. 


Apr. >7 .. 
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231 +17 Swift; .hort. 4 


■-I 133 +79 Swift; Btreakfl. 




119 — 1 Slow; long. 4 


..| 310 +77 Slowiah. 




270 +33 Swift. g 


.,1 4» +55 'slow; trained. 
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-1 77 +JI 'Swift; ilretikB. 
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Planets 




[No. 170. 
Satnro (h). 




tSji. 


B.A. 


Dec. 


Diua. 


Ei».|T».-j,^ 


B.A. 


Deo. 


SLuQ. 


El«. 


IVan- 

BltB. 


Sell. 


Im. 1 

Feb. 10 
June lo 

J* i: 

Aug. 9 
Sept. li 

Oct. i; 

Sot. I- 


h m B 
11 9 11 
It 17 i6 
»' 45 5- 
11 4 31 

11 -ill 

11 53 11 

'3 + 59 

11 3 11 
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^^ 4) 35 
11 4" 1" 
11 +1 IS 
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.3 39.9 7 39 
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9 5015 1110 54 
8 2913 5919 29 
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4 19 9 3614 51 
2 S9 3 1413 .9 
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d h d h 

JnpUrT Feb. 13 

Saivn Sept.it 

Cronw Ort. 14 

-Y^uw M«,T»7 



P^rt. S-- 
Msr. 4 3 
.M"..9 6 
Am. »9 1 J 



QoadratoR. 

d b 

Jun» - 5 : D«. ■ 10 
Ma.T 31 131 Dm. 21 it 
Jbii. II 3 ; Julr 19 22 
Feb, 22 10 ; Sfpt, I 8 



d b 

July 7 12 ; Not. 3 i 
May 12 21 

Feb. 4 7 ; July S I 
Feb. 13 s; Se^rf^ii t 
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PalUs. 
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B.A. ! Dec. .Tranril*. 


.S9t. 


BX ■ Dec. 
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h m ; ^ , b m 




h >" , 


h m 


^Jime 13. 


21 3V7 ■ 20 40S. 16 iS 


3[«T 30 .. 


10 19-6 t! iH. 


.546 


JulT tr- 


21 34-4 It s^ 14 52 




20 IO-4 ■ 19 33 
19 !I9 it s» 


14 z 


Aug. 10. 


22 204 1; 39 .3 1 
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1 11 4n " S3 0. 7 43 
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Planets. — Eclipses. 





Juno. 






Vesta. 




I89I. 


B.A. 


Dec. 


Transits. 


1891. 


E.A 


Dec. 


Transits. 




h m 
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h m 




h m 
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h m 


June 23 ... 


21 59*7 


39 S. 


>5 5J 


Apr. 24 ... 


18 30*2 


17 58 8. 


16 19 


July 17 ... 


21 577 


48 


H 15 


May 18 ... 


18 346 


18 28 


14 48 


Aug. 10 ... 


21 43*4 


2 59 


12 26 


June II ... 


18 20*3 


19 48 


12 59 


Sept. 3 ... 


21 245 


6 47 


10 33 


July 5 ... 


17 56-6 


21 38 


II I 


27 ... 


21 14*2 


10 31 


8 48 


29 ... 


17 41-6 


23 20 


9 12 


Oct. 21 ... 


21 19-8 


12 50 S. 


7 20 


Aug. 22 ... 


«7 45*5 


24 43 S. 


7 42 



Opposition : — Jujio, Aug. 17 ; Vesta, June 23. 

ECLIPSES IN 1891. 

I. — A Total Eclipse of the Moon, May 23. 

Partial Eclipse at Greenwich. At Mid- Eclipse the Moon is in the zenith of 
82° E., 20^° S. The first Coutact with the shadow occurs at 124° to B. of N. 
point ; last at 90° to W. (for Direct image). At Greenwich the Moon rises at 

d h m h m 

First Contact with Penumhra ... May 23 3 36*9 Shadow 4 41*3 
Second „ „ „ „ 9 215 „ 8 17-1 

Total from 5^ 49"7 to 7^ S'^'j, 
Magnitude of Eclipse (Moon's diameter = i) 1*299. 

II. — An Annular Eclipse of the Sun^ June 6. 

Central only in the extreme N.E. of Asia. Partial Eclipse for N. America 
And N.W. Europe. In the British Isles the Eclipse begins about 5^ in the 
afternoon and la«t8 till afler 6^. 

Greenwich M.T. of d in I^-A. June 6*> 4^ 38"* o**2. 
0'sand (['s R.A. 4*^ 57™ 37"*46. Hourly motions io*'3i and I43**96. 



0*8 Declination 22 40 47*6 N. 

<('s Declination 22 37 58*0 

0*8 Equat. Hor. Parallax o 87 

(t *8 Equat. Hor. Parallax 57 32*0 



II 



Hourly motion o 15*4 

Hourly motion 6 36*3 

Q's true Semidiameter . 15 47*5 
(['s true Semidiameter . 15 42*2 



Eclipse begins June 

Eclipse ends 



d 
6 



m 



01 01 

2 3*4 in Long. 132 33 W., Lat. 25 15 N. 

6 28*0 17 54 E., 45 50 N. 



III. — A Total Eclipse of the Moon, November 15. 

Visible at Greenwich. The first Contact with the Shadow is at 55^ to E. of 
"N. ; the last at 95° to W. (for IHrect image). 

d h m h m 

First Contact with Penumbra ... Nov. 15 9 367 Shadow 10 35*1 
I^st „ „ „ „ „ 15 ri „ 14 27 

Total from ii'' 37'"*4 to 13'* 6'°-4. 
Magnitude of Eclipse (Moon's diameter =1) 1*386. 

IV. — A Partial Eclipse of the Sun, Nov. ^o-Dec. i. 
Inyisible at Greenwich. Visible only in Antarctic Ocean. 

Transit of Mercury. 

There will be a Transit of Mercury on May 9, only just visible at Greenwich, 
JSgress occurring 30™ after Sunrise. 

Ingress. d h m s Egress. h m s 

External Contact, May 9 11 53 44; Internal Contact, 16 45 31 
Internal „ „ 11 58 41; External „ 16 50 25 

Sun in Zenith :— Ingress 179° E. ; 18° N. Egrew 10-7^ IE., •, \V^ ^. 



,-/ 
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Occuliaiions, 1891. 



[No. 170. 



OCCULTATIONS, 1891. (Visible at Greenwich.) 



Date. 



CO 

Star. = 



Disap. 



M. T. P. 



! Jan. 

\'t 

»3 
«3 

17 
»7 
>7 

»9 i 
'9 I 

22 I 
22 
26 
28 

3« 

Feb. 
I 

12 
12 

• 12 j 

I >7 '■■ 

'Mar.i 
; 2 - 

• 13 : 

18 : 

I 22 ! 

. x6 ; 
: 28 
; 28 i 

Apr. I 

18 
18 

i 20 

»5 



2 Libne ... 6 
M^Soorpii.. 4 
r* Aquarii . 6 
r* Aquarii . 4 

rOeti 4*. 

{ Arietis ... si 
B.A.C. 755.6 j 
«' Tauri ... 6 • 
Nkptcke ... ... I 

B.A.C.2154 64. 
M Qemiiior. 6 
42Leoni8... 6 . 
r Tirgiuis . 4i ! 
96 Virginh* . 6^ ■ 

^ Librae ... 6 '. 

29 0eti 6i\ 

33 0eti 6 ■ 

35Ceti 64 

121 Tauri . 6 . 



B.A.C. 5395 6 
31 Arietis... 6 
52Geminor. 6 
B.A.C. 35:9- 6 



h m 

17 28 

17 20 

6 29 



I 10 ' 

! >s ! 



:J«ne 

I '9 ; 
I 30 



i Leonis ... 6 
/* Virgiuis .! 5 

v' Libne .. ; 6 i 
V* Librs ...; 5^ j 

t • 

3- Geminor.i 6 

42 Leonis... j 6 

B.A.C. 3579 6 

V Virginia...' 4I 

41 LibrK ...i 6 

c Libne ...' 5 

I 
I 

121 Tauri.. ' 6 

35 Capricor. 6 

I 
X Libne ... 6 
B.A.C. 5281 6 
I Arietis .. 5! 



3 
II 
12 
II 

'5 

3 

17 

'5 
10 

18 



28 
»9 

2 
44 
«3 
46 

as 

H 
56 
56 



,0 
164 

161 

106 

63 
81 

57 
108 

59 
128 

64 

r3 

96 

118 

99 



13 59 : "^5 

6 8 I 84 

r 37 ; 71 

8 42 I 125 ! 

7 2 ' 47 



»3 
8 58 

56 

56 

54 
I 

9 
28 



5J: 



9 
5 

10 
11 
II 



\ 



I 



9 


16 


10 


35 


>4 43 
6 7 


8 

10 


51: 
36 


9 


11 


15 


30 


10 


50 

as 



12 



6: 



127 
22 
105 
146 

"19: 

105 j 

95; 

«35 

68! 

131: 

"3 I 
106 ; 

1491 
>53 



142 
61 



35 
12- 

82 



Reap. 








Date. 


M.T. 


P. 




h m 





July 


18 25 


262 


2 


18 6 


»49 


22 


7 II 


196 


*3 


8 a4j 


H3 




4 33 


215 


Aog. 


12 6 


259 


I 


" 47 


211 


9 


12+8 


*75 


14 


15 so 


2«3 


21 


4 41 

17 39 


*r9 

2C2 


Sept. 


16 24 


322 


II 


«2 '7 


296 


16 


20 8 


3*9 


16 
22 
26 ' 


'5 5 


3»5 


1 


7 7 


a«5 


Oct.! 


8 36 


*34 


6 i 


9 10 


184 


*5 ' 


8 12 


290 


zo 1 
20 1 


14 9 


281 


22 


9 34 


299 


22 

26 

1 


II 9 


*75 


652 


*53 


Nov. 


9 »4 


292 




11 II 


322 


7 


12 13 


326 


7 
8 


la 37 


285 






10 






16 


10 12 


309 


16 


II 46 


28S 


>7 


»5 ^5 


335 


22 


7 19 


313 


^4 • 


9 45 


265 


28 ; 


" 35 


263 


Dec 


9 4a 


*>5 


9 
»3 

'4 i 


16 44 


^59 






^^ 1 


8 I 


19 


16 ! 


II 39 


178 


16 

1 


>a 55 


230 


»3 



Star. 



I. 



Disap. 



i:^ 



M.T. 



I I 
«* Tauri ..." 54 . 
B.A.C. 7550; 6 
r* Aquarii .' 6 



37Geminor.' 6 
46 Virginia 6 
26 Ophiuchi' 6 
30 Piticium . 5 



B.A.C. 5909; h\ 
r* Aquarii .6 
r^ Aquarii .{ 4 
53 Tauri ...'6 
X Oaneri ... 6 



&A.0. 5109 
30 Piiicium . 5 
99 Tauri ... 6 
103 Tauri. ..{6 
39 G^minor.' 6| 
4oQeminor.: 6| 
I lieonis ...;6 



MSagittarii 
A Safittarii ; 5 
B.A.C. 723-! 6 
r^ Aquarii .| 6 



h m 

J4 39 
13 17 

16 3 



»5 35 

9 14 
8 30 

8 6J 



5 >9 

12 39 

13 42 
10 9 
16 56 



6 27 

5 50 

11 56 

16 54 

12 9 
12 24 
15 48 



o 

36 

355 

87 



64 
119 

»39 
no 



114 
106 

69 

93 
21 



75 
114 

8 

9* 
60 

100 
193 



5 

7 

4 
6 



c* Tauri 

r Tauri 

118 Tauri... 
9 Leonis ... 
V Yirginis . 
5 Libne ... 



64 

44: 
6 

3i 

44 
6 



21 

6 

34 
3" 

9 33 
17 46 



I 



i 84 

1 102 
89 
28 

»5 

106 



B.A.C. 81... 6J 
56 Tauri ... 6 
99 Tauri ... 6 
103 Tauri...} 6 

39 Oeminor.i 6| 

40 Oeiuinor.i 6| 
46 Virginis.: 6 



f 



10 37 


39 


9 5>t 


81 


14 37 


48 


18 28 


165 


10 46 


17 


18 47t 


41 


« 3», 


»7 


13 40 


98 


7 4* 


47 


7 50 


88 


'7 5» 


122 



t Star netting. \ Slar bdow boriion. 

The angles (?) are reckoned front tlie true N. p^nnt in the direction N., £.. S., W., i, 9, from ti 

bottom of the Koon * inTerted image towardt the ri^. 
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I. — Jvpiier'i Satellitet, 1891, 11 



The following " near approuches " are also given ia the ' Nautical 
Almanac,' and are especially interesting to observers rather South 
and rather North of Greenwich respeetivijly : — 







I\'ortk Near 


Jj./>i-0 


(ic/iM. 








Date. 


Star. i Mag. 


O.M.T. 


Angle 


Date. 


Star. 


Mag. 


O.M.T 


Angle. 


J&n. 

16 

Jul, 
16 

16 
Srpt. 


1 
SsVirginu... 6 

^Virgi.,«... s 
"'Lib™ sj 

4i Libra i « 

/PiKiuui ...1 - 5i 

^^.?^^°: a 

iiSTauri .... « 


b m 

IS 59 

12 |6 

lo 19 


3' 

30 

"! 
314 

ns 

33' 
5+7 


Oct. 
NoV 

16 
16 

Dec. 
'5 
17 


ijsTauri ... 

B.A.C. 5709 
16 Ophiui^hi 
r' Aquani ,. 

56TBuri 

«'TflUri 

XOaticri 


Si 

6 
fi 

6 

f 
I* 


h m 

ill 

8 IS 
7 11 

'i 13 
'9 47 


347 

ni 
338 
337 









South Near 


-ippriwcftM. 














h m 




Oct. 






h tn 




6 


»' Soorpii .. 
^Cftnm ... 


:l 


iS S 
IS 17 


los 


It 
Not. 


B.A.C. 1141. 
B.A.O. 3S?9- 


6 
6 


IJ36 
ij 56 


-SA 
'97 


1 "t*' 


B.A.C.IIS4 

18 Libra) ... 




" 53 


.JIS 


16 


SjTnun 

41 LtK>ni» ... 


b 
6 


*S5 
.9 32 


.;8 


I 










"3 

»4 


B.A.O. 1 141. 
mVirgini.... 


6 
6 


1019 

17 14 


'57 

215 



COSriGUEATIONS OF JUPITEB'S SATELLITES 

FOB AS ISTEBTrSG TELESCOPl!. 



,iiti. 



0M!« ^^lOt 





























































U401 


110:4 


<Oi4« 
























.«'t 




















40 M. 





no 14 +iOi» 

!i04« «lOn 



■ mow J1104! 



iOli4 i=Ol4 



' 4>0lJ I t4C)i*l (1'04 1 
4»jO* !4lOl IO;i4a < 



'ffij 
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Jupiter^ s Satellites, 1891. 



[No. 170. 



JUPITEE'S SATELLITES, 1891. 
Phenomena. 



«, Signifies Ec. dis. ; E, Ec. re. ; o, Occ. dis. ; O, Oco. re. ; ^, Tr. Ing. ; T, Tr. Egr. 



April, 



[ h 
[ I 

4 
10 

»3 

^3 
t I 

1 

8 

20 

»3 

{ 4 

9 
18 

20 

I- 14 
17 

5 o 

3 
12 

15 
18 

19 

22 
22 

6 9 

12 

"7 
22 

7 



9 

3 
6 

13 
16 

I 

4 

5 

9 

9 

'3 
22 

I 

II 

20 
22 
16 

19 

3 
6 

H 
17 



m 

37 i. «• 

43 1. O. 

54 ii. t. 
CO ii. T. 

44 i. t. 

45 iii. e. 
4 i. T. 

36 iii. O. 
6 i. e. 

13 i. O. 
25 ii. e. 

ii. O. 
15 i. ^ 
34 i- T. 

34 1- f- 

43 i. O. 

18 ii. t 

14 ii. T. 

45 i- ^• 
4 LT. 

8 iT. t 

17 111. ^ 

51 iv. T. 

55 iii.T. 

3 i. <'. 
13 i. O. 

44 ii- <'. 
24 ii. O. 

15 i. t. 

34 i. T. 
31 i. e. 

43 i. O. 

41 ii. 2*. 

37 ii. T. 

45 i- ^' 

4 i.T. 

46 iii. e. 
15 iii. £. 
24 iii. o. 

1 iii. O. 

i. e. 
13 i. O. 

2 ii. r. 
48 ii.O. 
15 i. ^. 

35 i.T. 

28 i. €. 

43 i. O. 

5 11. t 

1 ii.T. 
45 i. t, 

4 i.T. 



April (eon.). 

d h m 
' 12 23 42 iii. f. 
.13 3 19 iii.T. 

! 14 13 i. O. 
j 17 52 iv. e, 

20 20 ii. e. 

22 24 iv. E. 

1 14 I 12 ii.O. 

3 I IV. 0. 

7 39 i^- O. 

9 15 i-<- 
! II 34 i.T. 

1 15 5 25 i. e. 

8 43 i. O. 
16 29 ii. f. 
19 24 ii.T. 

! 16 3 45 i. t. 

6 4 i. T. 

j 9 46 iii. e, 
13 15 iii. E. 

1 3 49 iii. o. 
1725 iii. O. 

23 54 i. c. 

17 3 13 i. O. 

9 3*^ ii- <'• 

14 35 ii. O. 

22 15 i. /. 

18 o 34 i.T. 
1$ 22 i. e. 

21 43 i. O. 

19 5 52 ii. t. 
8 47 ii.T. 

16 44 i. /. 
19 4 i.T. 

20 4 6 iii. /. 

7 41 ni. r. 

12 51 i. e. 

16 12 i. O. 

22 56 ii. e. 

21 3 58 ii.O. 
II 14 i. t. 

13 34 iT. 

22 7 19 i. f. 
10 42 i. O. 

14 29 iv. f. 

19 3 iv. T. 

19 15 ii. f. 

22 10 ii.T. 

23 5 44 i. t, 

8 4 i. T. 

, 13 46 iii. r 

17 1 5 iii. E. 



.47 

I 

i 



i28 



April (con.). 

d h m 

23 18 II iii. o. 
21 45 iii. O. 

24 I 48 i. e. 

5 12 i. O. 
12 14 ii. e. 

I 17 21 ii. O. 

25 o 14 i. t. 

I * 33 i.T. 
I 20 16 i. ^. 
23 42 i. O. 
j 26 837 ii. t. 

11 32 ii.T. 
18 43 i. t, 

21 3 i.T. 
8 27 iii. f. 

12 I iii. T. 

14 45 i. e. 
18 II i. O. 

I 32 ii. e. 

6 43 ii. O. 

13 13 i. i*. 

15 32 i.T. 

29 g SI i. e. 

12 41 i. O. 

22 o ii. t 

30 o 55 ii.T. 

7 43 i- ^• 

I 10 2 i. T. 

' 12 3 iv. tf. 

' 16 32 iv. E. 

17 46 iii. e. 

21 15 iii. £. 
! 22 31 iii. o. 

23 7 iv. o. 

I 

i I 2 4 iii. O. 
' 3 35 iv.O. 

1 3 44 i. <•• 
7 10 i. O. 

14 49 ii. €. 
20 5 ii. O. 

12 2 12 i. A 
! 4 32 i.T. 

22 10 i. e. 
3 1 40 i. O. 

1 1 22 ii. f. 
14 17 ii. T. 
20 42 i. t, 

13 I i.T. 



Mai/ (con.). 

d h m 

4 12 46 iii. t. 
16 19 iii.T. 

16 39 i. e. 
20 9 i. O. 

5 4 7 ii. «. 
9 27 ii. O. 

15 II i. f. 

17 31 iT. 
611 7 i. f . 

14 39 i. O. 

7 o 44 ii. f. 
3 38 ii. T. 
9 41 i. t 

12 o i.T. 
• 21 46 iii. e. 

8 I 14 iii. E. 

2 47 iii. 0. 

5 36 i. «• 

6 19 iii. O. 

9 8 i. O. 

17 25 ii. e. 
22 48 ii. O. 

'9 4 10 i. A 
6 29 i. T. 

10 20 iv. /. 
14 43 iv. T. 

i 10 o 4 i. t: 

3 38 i. O. 
14 5 ii. /. 

16 59 ii.T. 
22 40 i. /. 

' 1 1 o 59 i. T. 
; 17 2 iii. t. 

18 33 i.e." 
20 33 iii.T. 
22 7 i. O. 

1 12 6 43 ii. e. 

I 12 9 ii. O. 

I 17 9 i. I*. 

19 28 i.T. 

; 13 13 I i. r 

16 36 i. o. 
: 14 3 26 ii. t. 

6 20 ii.T. 

11 38 i. /. 

13 57 i.T. 
'15 I 47 iii. «. 

. 5 14 iii. E. 

7 2 iii, o, 

! 7 30 i- «• 

10 32 iii. O. 

11 6L0. 



May (wn.). 

d h in 

15 2o o ii. e, 

16 I 29 ii. O. 
6 7 i. ^. 

8 26 i. T. 

17 I 58 L e. 

5 35 i- O. 

6 14 iv. e. 

10 40 iv. E. 
« 16 47 ii. t. 

' 18 40 iv. o. 

I 19 41 11. r. 

I 22 57 iv. o. 

I 18 o 37 i. t. 

2 56 i.T. 

! 20 27 i. e. 

I 21 15 iii. t 
1 19 o 4 i. O. 

• • • m 

\ o 44 111. T. 
I 9 18 ii. 0. 
i 14 49 ii.O. 
I 19 6 i. t. 
i 21 25 i.T. 
20 14 55 i. e. 

18 33 i. O. 
'21 67 ii. t. 

9 I ii.T. 
13 35 i. ^ 
15 54 i.T. 

22 5 47 iii.e. 
9 14 iii. E. 
9 24 i. e. 

11 13 iii. o. 

13 2 i. O. 

14 41 iii. O. 
22 3 5 ii. e. 

23 4 9 ii. O. 

8 3 i. ^. 
10 22 i.T. 

24 3 52 i. «. 

7 31 i. O. 

19 28 ii. t. 
22 2 1 ii. T. 

2 33 i. t. 

4 5' i.T. 
22 21 i. e. 

1 24 iii. t, 

2 o i. O. 

4 51 1U.T. 

5 34 iv. t- 

9 45 i^. T. 



26 



*7 
28 



29 



30 



3» 



*5 



26 



17 *i n. O. 



18 
I 
6 

9 
12 



Afai/ (oon.). 

d h m 

21 i*i.& 
23 20 i.Xi 

16 49 Ln' 
20 29 i. Oi 

8 47 Hi 
II 40 ii.1 
15 30 i. t 

17 49 i.Ii 

9 48 iiL^ 
II 18 i.«J 

13 14 iiLJ 

14 5S i 

15 21 iiLi 

48 iii,^ 
10 iL^ 
46 ilQ 

59 »• *■ 
liiT. 

5 46 i.«.i 
9 26 LQ 

22 7 vLi 



June. 

I o iii 

4 »7 L t 
6 46 LT. 
o 15 Ln 

3 55 hO 

5 20 m. 

8 55 UL 

14 28 ii 
20 4 ii. 
22 56 i. tJ 

26 IT.IJ 

15 i.T^ 

48 iv.l 

33 »▼• ^ 

37 iv-fl 

18 43 i. & 

22 24 i. (X 

II 25 iL^ 
14 18 ii.T. 

17 25 i. t 

19 43 LT.J 
13 12 ii. 
13 48 iii ' 
j6 52 i.< 
17 14 iif 
19 %$ iii 
t% 50 ii' 



o 
I 

4 
13 

17 
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)- 

. e. 
-O. 

t. 

T. 

e. 

O, 
. t. 
.T. 
. t. 
. T. 
. e. 
. O, 
ii. t. 
ii.T. 
i- e. 
Li. O. 
L t. 
LT. 
t. e. 
i. O. 
ii. t. 
ii.T. 
i. t, 
i.T. 
iv. t. 
iv. T. 
i. e. 
iii. e. 
i. O. 

iii. E. 

iii. o. 

iii. O. 
L i. e. 

ii. O. 

i. t. 

i.T. 
. i. e. 
, i. O. 
^ u. r. 
t ii. T. 
; i. t, 

1 i.T. 
3 i. e. 

2 i. O. 
9 111. 7. 
2 iii. T. 
8 ii. e. 

I ii.O. 
.3 i. t. 
I i.T. 
,1 i e, 
I i. O. 
i6 ii. t. 
.9 ii.T. 
: I i. ^. 
19 IT. 
o i. 0. 
it It. 0. 



«/t/fi« (con.). 

d h m 

20 I 13 iii. E. 

3 21 iii. o. 

6 43 iii. O. 

7 36 iv. o. 

8 55 ii. e. 

11 27 iv. O. 

14 27 ii. O. 

15 39 i. t. 
17 57 i.T. 

21 II 28 i. ^. 

15 7 i. O. 

22 5 53 ii. t 

8 45 U.T. 
10 7 i. ^. 

12 25 i.T. 
*3 5 57 i. «. 

9 35 i- O. 

17 23 iii. t. 

20 44 iii. T. 
22 12 ii. e, 

24 3 42 ii.O. 

4 35 i- <• 

6 53 i. T. 

25 o 25 i. e. 
4 3 i. O. 

19 8 ii. t. 

22 o ii. T. 

23 2 i. t. 

26 1 20 i.T. 

18 54 i. e. 
22 30 i. O. 

27 I 49 iii. «. 
513 iii. E. 

7 II iii. o. 

10 32 iii. O. 

1 1 29 ii. e. 

16 56 ii.O. 

17 30 i. t. 

19 48 i.T. 

28 13 22 i. e. 
16 58 i. O. 
17.41 iv. t. 

21 26 iv. T. 

29 8 24 ii. t. 
II 16 ii.T. 
II 58 i. t. 
14 16 i.T. 

30 7 51 i. e. 
II 26 i. O. 
21 II iii.^ 



July. 

I o 31 iii. T. 

o 47 ii. e. 

6 10 ii. O. 

6 25 i. t. 

8 43 L T. 
% a ao i. e, 

SS4iO. I 



Jfdtf (con.). 

d h m 

2 21 39 ii. t. 

3 o 30 ii. T. 
o 53 i. t, 

3 II ii. T. 

20 48 i. e. 

4 o 21 i. O. 
5 50 iii. e, 
9 1 3 iii. E. 

10 58 iii. o. 

14 4 ii. e, 

14 18 iii. O. 

19 20 i. t. 

19 23 ii. O. 

21 38 i.T. 

5 15 17 i. «. 
18 49 i. O. 

6 10 54 ii. t. 

12 51 iv. e. 

13 45 ii. T. 
13 48 i. t, 

16 6 i. T. 

17 3 iv. E. 

7 o 42 iv. o, 

4 22 iv.O. 
9 45 i. e. 

13 16 i. O. 

8 055 iii. t. 

3 21 ii. e. 

4 14 iii. T. 
8 15 i. t. 

8 36 ii. O. 

10 33 i. T. 

9 4 14 i. e. 

7 43 i- O- 

10 o 7 ii. t. 

2 42 i. t. 

2 58 ii. T. 

5 o i. T. 

22 42 i. e. 

11 2 1 1 i. O. 
951 iii. e. 

13 13 iii. E. 

14 40 iii. 0. 

16 39 ii. e. 

17 58 iii.O. 
21 9 i. t. 
21 48 ii. O. 

23 27 i. T, 

12 17 II \. e, 

20 38 i. O. 

13 13 21 ii. t. 

15 36 i. t. 

16 12 ii.T. 

17 54 i. T. 

14 II 40 i. e. 

15 5 i- O. 

15 4 34 iii. <. 
5 56 ii. e. 
7 52 ui. T. 

10 2 i- ^' 

10 i8 iv. t 



July (con.). 

d h m 

1 5 1 1 o ii. O. 

12 21 i. T. 

13 53 iv. T. 

16 6 8 i. e. 
9 32 i. O. 

17 2 33 ii. t. 

4 30 i. t. 

5 24 ii. T. 

6 48 i. T. 

18 o 37 i. <f. 

3 59 i- O. 
13 52 iii. e. 

17 14 iii. E. 

18 17 iii. o. 

19 13 ii.E. 

21 35 iii.O. 

22 57 i. t. 

19 o II ii. O. 
I 15 i. T. 

19 5 i. e. 
22 26 i. O. 

20 15 46 ii. t. 

17 24 i. t. 

18 36 ii. T. 

19 42 i. T. 

21 13 34 i. e. 
j6 53 i. O. 

22 8 8 iii. t. 
8 30 ii. e. 

• • • m 

II 25 111. T. 
II 51 i. ^. 

13 21 ii. O. 

14 9 i. T. 

23 7 4 iv. e. 
8 2 i. e. 

II II iv. E. 
II 20 i. O. 

16 48 iv. o. 

20 18 iv.O. 

24 4 57 ii. t. 

6 ij i. t. 

7 48 ii. T. 

8 35 i. T. 

25 2 31 i. e. 

5 47 i. O. 

17 53 iii.«. 

21 14 iii. E. 
21 48 ii. e. 
21 50 iii.O. 

26 o 44 i. t, 

1 7 iii.O. 

2 31 ii. O. 

3 2 i. T. 
21 o \. e. 

27 o 14 i. O. 

18 9 ii. t. 

19 10 i. t. 
21 o ii. T. 
21 28 i. T. 

a8 15 28 i e. 
18 40 i. O. 



\ 



July (oon.). 


d 


h 


m 


29 


II 


5 ii. e. 




II 


38 ui.^ 




>3 


37 i. '• 




14 55 iii. T. 




15 41 ii.O. 




>5 


55 i. T. 


30 


9 


57 L^. 




'3 


7 i.0. 


3« 


7 


19 ii. t. 




8 


3 i. t. 




10 


10 ii. T. 




10 


21 i.T. 




Augrtst, 


I 


I 


56 iv. t. 




4 


26 i. e. 




5 


25 iv. T. 




7 


33 i- 0. 




21 


54 iii. e. 


2 





22 ii. e. 




I 


14 iii. E. 




I 


17 iii.O. 




2 


30 i. t. 




4 


34 iii. 0. 




4 


48 i. T. 




4 


50 ii.O. 




22 


54 i. «. 


3 


2 


i. 0. 




20 


30 ii. t 




20 


56 i. t 




»3 


14 i. T. 




23 


21 ii.T. 


4 


17 


23 i. «. 


5 


20 


26 i. 0. 




13 


40 ii. 0. 




15 


3 111. ^. 




15 


22 i. t 




17 40 i. T. 




'7 


58 ii. 0. 




18 


20 iii. T. 


6 


II 


52 i. «. 




14 53 i. 0. 


7 


9 40 ii. t. 




9 49 i. t. 




12 


6 i.T. 




12 


30 ii.E. 


8 


6 


20 i. B. 




9 


19 i. 0. 


9 


I 


18 iv. e. 




I 


55 iii.«. 




2 


57 ii. «. 




4 


15 i. ^ 




5 


20 iv. E. 




6 


33 i. T. 




7 


6 ii.O. 




7 


56 iv. 0. 




7 


58 iii. 0. 




11 


14 W.O. 


i^« 


Q 


. \9 V •, 



1 Am^, (OQD 


i d 


h m 


10 


3 45 i- 




21 41 i 




22 50 ii 


II 


S9L 




I 40 11 




19 18 i. 




21 12 i. 


12 


16 14 ii 




17 7 i 




18 26 ii 




19 25 i« 




20 14 ii 




21 43 ii 


»3 


13 46 i. 




16 38 i. 


H 


II 33 i. 




II 58 ii 




13 51 i 




14 49 M 


15 


8 15 i. 




II 4 i. 


16 


5 3a >! 




5 5611 




5 59 ;• 




8 17 i. 




11 11 




II 19 11 


17 


2 44 i. 




5 30 i- 




16 43 v\ 




ao 12 ii 


18 


25 i. 

1 8 u 




a 43 i. 




3 58 ii 




ai 12 1. 




*l 56 i; 


19 


18 49 ii 




18 51 i. 




ai 9 i. 




21 45 ii 




22 29 ii 


20 


I 2 ii 




15 41 i. 




18 22 i. 


21 


13 17 i. 




14 16 u 




»5 35 >• 




17 6 ii 


22 


10 10 i. 




12 48 i. 


i3 


7 43 i. 




8 7 ii 




9 57 ii 




10 i. 




II 36 ii 




14 37 ii 


H 


4 38i. 




7 »4 i- 


Us 


>. ^S. 


\ 


\'^V 



14 



Jupiter's Satellites, 1891. 



[No. 17' 



Aug, 

d h 

»$ 4 
6 

"9 

s6 1 
I 

21 

»7 o 
I 

4 
17 

10 

iS 15 

16 

«7 

S9 IX 

H 

30 9 
10 
It 

«3 
»3 
«7 

31 6 
S 



(<x>n.). 

m 

26 i. T. 

IS ii.T. 

33 j^- '• 
7 i. f. 

40 i. O. 

50 iT. O. 

34 i- 1, 
24 ii. <*. 

52 i. T. 
42 ii. O. 

I ui. /. 

111. r. 

i. e, 

i.O. 

L/. 

11. r. 
iS i. T. 
23 ii.T. 
5 i. f, 
3a i. O. 
26 i. 1, 
42 ii. tf. 
44 iT. 

49 "• O. 
58 iii. ^. 
54 iii. O. 

53 i. <. 
5* i. O. 



«9 

36 
6 

o 
3a 



I 3 52 i. f. 

< 41 ii. r. 

6 9 i. T. 

S St iiT. 
m 1 X i «. 

5 *4 i-O. 
X2 I* i. /. 
23 59 iL e, 

3 o 3$ 1. T, 
% 56 ii. O. 
4 16 iii. r. 

6 5$ iT. :. 
- 35 iii. T. 

10 33 ir. T. 
19 31 L r. 
XI «o i. O. 

4 »* 45 i« ?« 
tS 4$ ii. w'. 

19 I i. T. 

xt 3Q ii. r. 

$ «3 5* i>'^ 
lb to i. O. 

4 II 91. f. 

13 II iL ^ 

13 2* i T. 

1% 3 ik£. 

17 51 iiL4>. 

»f ^^ in. £. 



^S<^/. (con.). 

d li ui 

7 10 43 i. E. 

8 5 35 i- ^• 
r 53 i. T. 

7 5:* i'- '• 
10 4S ii. T. 

9 2 50 i. 0. 
5 12 i. E. 

10 o I i. t. 
2 18 ii. 0. 
2 19 i. T. 
5 21 ii. E. 
7 31 iii. /. 

10 51 iii. T. 
j 21 16 i. (>. 
' 23 40 i. £. 

11 12 23 iv. 0. 
I- 38 iv.E. 
18 26 i. /. 

20 44 i. T. 

21 4 ii. t. 
23 5S ii.T. 

12 15 42 i. o, 
18 9 i. E. 

13 12 ^2 i. t. 
15 10 i. T. 

15 24 ii. o. 
iS 38 ii.£. 
XI " iii.o. 

14 I 18 iii. E. 
10 8 i. 0. 

12 38 i. £. 

15 7 18 i. /. 
9 j6 i.T. 

10 13 ii. /. 

13 4 ii.T. 

16 4 34 i. o. 
7 - i. E. 

17 I 44 i- '• 
4 2 i. T. 

4 31 ii.«\ 
• 56 ii. K. 

10 4"* iii. /. 

14 8 iii.T. 
23 o i.O. 

1% I 36 i. E. 
xo to i. ^. 

22 xS i. T. 
X3 at ii. t, 

19 2 12 ii. X. 
!• 2" i.^, 
20 5 i £. 

XI O IT. f. 

2C o 52 it. T. 
14 5^ i. y. 

16 54 i. T. 
!• 5S ii. 4V 
XI 14 ii. K. 

XI o x4 iii- A^ 

5 19 iit£^ 

11 53 i A. 



:23 

I 

1*4 



^5 



26 



, Sei^. (con.). 

d h 111 

1 22 9 2 i. /. 

I II 20 i. T. 

12 30 ii. t. 

15 21 ii.T. 
6 19 i.O. 
9 2 i. E. 
3 29 i. t. 

5 4- i. T. 

6 45 ii. o. 

10 31 ii. £. 
14 5 iii. t. 

17 27 HI. r. 

o 45 i. o. 

3 31 i. E. 

21 5s i. t, 

13 i. T. 

1 38 ii. t. 

4 30 "• ^' 
19 12 i. o. 

22 o i. E. 

16 21 i. /. 

18 39 i. T. 

19 53 ii. o. 

23 49 ii. E. 

2 38 if.o. 

3 42 iii. o. 
6 26 iv. O. 

8 6 iv. e. 

9 20 iii. K. 

1 1 48 IT. £. 

13 38 i. o. 

16 29 i. E. 

29 10 47 i. /. 

13 5 i. T. 

14 47 li. / 

17 39 ii.T. 

30 8 4 L o. 
10 5- i. E. 



(kichfr. 



28 



« 5 «5 

7 3" 

9 « 

>5 : 
I- 25 

xo 48 

2 X SI 

N 26 

25 40 

3 1 5$ 

3 5 

6 40 

xo ?- 



i. /. 
i.T. 

« * 

11 o. 
u. h. 
m. r. 
iii. T. 
i. t\ 
I.E. 
i. r. 
i. T. 
- ii. :. 
ii.T. 



x; 55 i. K. 
i. r. 
i. T. 



4 1$ ^ 
xo X4 
XX 10 

$ * »5 

7 I 



Oct. 

d h 

5 '3 

>5 
18 

6 II 
12 

'4 
«5 
K 
«9 

7 9 
12 

6 

9 
II 

«5 

2D 
O 

4 



8 



10 



1 1 



12 



I 

b 

9 
22 

I 

19 
22 

o 

5 
10 

13 
14 
17 
|- 

20 

>3 «4 
16 

19 
22 

14 II 

14 
I" 
21 

15 - 

s 

u 

18 

o 
^ 

Q 
I' > 

» 

8 

ti 

1$ o 

XI 



16 



(con.). 

m 

21 iii. E. 
24 i. o, 

24 i. £. 
44 iv. t. 

33 i- ^' 

51 1. 1. 

36 iv.T. 

7 11. t, 

59 jiT. 

50 i. o. 

53 »• K. 

>9 i- ^' 

17 i. T. 

19 ii. o. 

43 ii. E. 
49 iii. /. 

13 111. 1. 

I- i. <». 

22 i. E. 
26 i. t. 

44 1. 1. 
I- ii. .'. 

9 ii. i . 

44 >• '■• 

51 i. E 

52 i. :. 
II i. T. 

29 ii. f. 
I 11. h. 

30 iii. o. 

54 iii.O. 

10 iii. e. 

11 i.O. 
22 iii. R 
19 i. E. 
19 i, t. 
38 i. T. 
28 ii. t, 
21 «. 1. 

38 i. o. 

48 i. E. 

31 iv. i>. 
28 iv.v*. 

25 ir. f. 
58 ir. E. 

46 i. ;. 

4i.T. 

39 i- »' 
19 :i. £. 
I" i:i. *. 
42 iii. T. 

5 i. :\ 

I' i K. 

15 i- r, 

51 1- T. 

.*9 ii. ". 

32 ii.T. 
32 1.0. 
461. R 

40 i/« 



Oct. (con.). I 
d h 



'9 



20 



21 



22 



»4 



^5 



26 



28 



»9 



s« 



2 

7 

14 

17 
18 

18 

21 
22 
16 
18 
21 
O 

«3 

16 

10 

12 
16 
20 

3 

3 

7 

7 
II 

5 

7 

II 

>3 

2 

5 

i3 
I 

5 
10 

I- 

20 

21 

22 

o 

1 

1- 

20 
O 

3 

18 

12 

"4 

18 

»3 

7 

9 
ic 

»3 
6 

9 
9 



16 



m 

49 ii. o. 
37 ii. E. 

iii. o. 
26 iii.O. 
1 3 iii. e. 

59 i- o- 

23 iii. E. 

15 i.E. 

- i. /. 
26 i. T. 
51 ii. t, 
44 ii.T. 

26 i. o. 
44 i. £. 

34 i- f- 

53 i. T. 

1 ii. o. 
56 ii. E. 

6 iv. /. 

50 iii. /. 

- iv. T. 

16 iii.T. 

53 »-<'• 
13 i. £. 

1 i. f. 

20 i. T. 
3 ii. /. 

56 ii. T. 

21 i. o. 

42 i. E. 

29 L t. 

47 i. T. 

1 3 ii. o, 

14 ii.£. 
36 iii o. 

48 i. o, 

3 iii.O. 

16 111. e, 
II i.E. 
25 iii. £. 
56 i. /. 

15 i. T. 

17 ii. t. 
10 n. T. 
15 i. o. 
40 i. E. 
23 L t. 
4X i.T. 
25 ii. o, 
32 u. E. 

27 iii./. 

43 »•«. 

54 iii. T. 

8 i. £. 

51 L t. 
10 LT. 
23 ir. o. 
X5 IT.O. 

30 ii. /. 
xsiiT. 

44i^-«- 



d 



5 
6 



i 7 



8 



10 



II 



12 



>3 



14 
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31f.(«on.). 


ift.u. (oon.l. 


Deceml^. 


ftw. (con.). 


Dee. (con.). 


Dca. (001 


i k „, 


d h m 


d h m 


d h m 


d h m 


d h m 




.♦<»,. ii.^ 


» .J»4i.a 


I fi 12 i. 0. 


8 >fi SI iii."- 


16 7 14 i. I. 


Z3 zi i 




2. i4ii.T. 


13 fi 56 i. (, 


9 49 *• E. 


ao 21 iii.O. 


9 31 i- T. 


23 53 1 




ij 1 sn.o. 


9 iji.T. 


la 4i ii!. «. 


Z2 31 iii.B. 


li i7 ii. f. 


14 6 34 1 




M a, i. E, 


IS 12 11.". 


16 17 iii.O. 


9 I 34 "i.E. 


21 I. ii.T. 


10 41 




li 5 J i. (. 


20 4« ii.E. 


>8 18 iii.«. 


S .7 i. (■ 


17 4 35 1.0. 


ij 1 42 i 




7 a. i. T. 


14 4 17 '■»■ 


2. 35 iii. E. 


7 36 i.T. 


S SJ.E. 


6 I i 




la 38 iL 0. 


7 55 i- li- 


2 3 !■ i. '■ 


»S 37 li. '. 


r8 I 44 i. f. 


IS 11 i 




iS 4«K. 


8 48 iii, 0. 


S 39i-T. 


>o '2 's i'J" 


,J al k'^» 


ao 31 i 




7 a 14 if. 0. 


■ 1 16 iii.O. 


.2 58 ii. i- 






aS I ji 




aai i-o. 


14 25 iii.e- 


IS S'iiT. 


"* \%w 


" S3 ii^E. 


4 3li 




4 S3 iii.o. 


.7 J. iii.E. 


J 41 i. 0. 


a3 46 i. ?. 


13 5 i- o- 


•S »S ' 




S SS i. E. 


IS I 15 '■ !■■ 


4"8i.E, 


.. a 5 i.T. 


■9 ^^ 3S i..E. 


.8 sai 




6 »3 iT.O. 


1 ,4 i. T. 




9 46 ii. «. 




iz 1% ' 




S a. Ui.O. 


10 12 ii. t. 


ai JO i. (. 


.5 .J ii.E. 


H JB iii-T. 


z7 31 : 




10x3 iii.*. 


[2 55 iv. (. 


4 gi.T. 




10 131, t. 






UjoiiiK 


U .Sii.T. 


21 It. 0. 


.2 % 41 i^ E. 


22 IZ i. T, 


13 14 




1 .5 4 37.*. 




7 7 ii-o- 


20 iiJ" 


ZQ 7 38 ii. 1. 


'9 3J 




1 iS ao It. E, 


12 6i% 


9 25 iT. n. 




.0 11 ii.T. 






L »J 31 i. '■ 


26 " tz 1: E. 


.1 jf i,. E. 


.0 Z7 iii'T. 


,S \ \..o. 


28 tl 4a 




m . 50 i. T. 


:, 54 i. '■ 


.2 38 ii.E. 


l> ajiy.T. 


17 14 i. 0, 


19 I 




r 7 47ii.(. 


22 .3 i. T. 


19 10 1. 0. 


18 le i.e. 


19 10 i..O. 


29 I 36 




1 W4. ii-T. 


27 4 30 ii- 0- 


2Z 47 i- E, 


20 34 i. T. 


2. 7 i. E. 


4 34 




' « 51 i fl. 


10 U.E, 


S a S3 iii-'- 


'J 4 57 ii. '■ 


21 3 46 i". '■ 


6 42 




>, <.a7i.E. 


17 15 Lo. 


6 21 iii.T. 


7 5° ii.T. 


64. i^.E. 


9 50 




17 59 1. (. 


« 5' i-B. 


16 19 i, (. 


.5 36 i. 0. 


,4 43 i. i. 


14 3 , 




1 «,,8i.T. 


Z2 5= iii. t. 


.S 17 i. T. 


.9 II i. E. 


,7 2i.T. 


17 11 




1 ss ii. 0. 


2S 2 .8 iii.T. 


6 1 17 ii. (. 


14 12 45 i. (. 


zz 1 49 ii. a. 


30 5 31 




1' ai ff' 


14 2} i. i. 


S loii.T. 


■5 4i|T. 


7 .2 ii.E. 


B57 






16 41 i. T. 


13 40 1.0. 






10 39 




\i ca iii.il. 


21 40 ii. (. 


17 16 i. B. 


'S '4 35 jl^E': 


.5 j6i.E. 






H 5S i- E. 


ig a 33 ii.T. 


7 10 48 !. '^. 




Z3 , .s iii.O. 


13 31 




Miqiii.T. 


11 44 i-o. 


13 7 i.T. 


I3 40 i^ E. 


443 ii:.o. 


"3 39 




It li M i. (. 


15 zo i. E. 


zo 26 ii. n. 


21 1 m.o. 


6 J7 iii.f. 


13 43 




14 47 i- T- 


JO i s» i- '■ 


8 I 57 ii.E. 


16 30 iii.O. 


9 13 i.(. 


31 " 36 




1. 4 3-'. 


ti 10 i.T. 


g 9!.=. 


a 34iii.«. 


9 38 m. E. 


Sii 




1] 57 ii. T. 


.7 48 ii. a. 


u 44i.E. 


5 36 iii. E. 


.1 3^ i.T. 


%j)t| 




ii , ^% i. «. 


2 J 19 ii.E. 








i 


^^^H BstellitM I. and II. disappear at ecUpse oa the p sida of the planet until 


^^^^r Beptember 4, the diatance between each eateUite and the planet at disappearance 


^^^^ being nearlj the «ame tUl the and of Julj, when it rapidly deoreasea. Both 


^K Batellitea reappear on the / side after September 4.. 


^H onlj ifl seen p from August 9 to jo, and the reappearanc* only / from August 


^H ]o to Odaber 5; from Ootober 11 the satellite diiapjitiaTt and rt/ippeari on 
H the / side. The eclipses of III. on August z and 0«,ober la are interesting. 




H that the satellile will disappear again in about a™ and 16" reipectivelj. 


H SatelUte IV. both diiappears and riappeara on the p aide until August g, on 




'■W reapptaTaJiix onlj/: from September zG it disappears and reappeart on the 
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{3 






e 
o 

I 
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Satellites of Saturn, 1891. 



17 



January. 
d h 



I 

3 

4 

S 
6 

7 
7 



91 

77 
63 
49 
3*5 

2*1 

a3*3 

8 22'0 

9 20*6 
I9'2 

17-9 

165 

151 

14 137 

15 123 

16 io'9 
9*5 



10 
II 

IZ 

13 



17 
18 

"9 
&o 

21 

22 
23 

a3 



8*1 

67 

5*3 
4-0 

2-6 

1*3 
239 

24 22*5 

25 211 

197 
184 
17-0 
156 
14*2 

12*8 



26 

a7 
28 



29 

30 

3' 



January, 
d h 

12*8 
21*6 

6-5 

15-4 
0-3 
9*2 

180 



I 

2 

4 
5 
7 
8 

9 
II 

.12 

«3 
«S 

16 

'7 

19 
20 

22 

23 

»4 
26 

*7 
38 
30 



2-9 
11-8 



20'7 

5-6 

14-5 
23-4 

8-3 
17-1 

2'0 

io*9 

198 

47 

'3*5 
224 

7'3 

Ji i6'2 

roL. XI r. 



SATELLITES OF SATURN. 
Elongations. 
Mimas. 



February, 
d h 
11-4 

io*o 
8-6 

7'2 

59 
45 
3*' 

17 

04 
230 

10 21*6 

11 203 

12 i8'9 

13 17-5 

14 i6'i 

15 147 
'3*4 

I2'I 
107 

9*3 



I 

2 

3 

4 

5 
6 

7 
8 

9 
9 



16 

17 
18 

19 

20 

21 
22 

^3 
24 

*5 



7*9 

65 

5 » 

37 
2-4 

I'O 



25 23*6 

26 22'2 

27 20*8 

28 194 



February, 
d h 

2 I'l 

3 lo'o 

4 1 8-9 

6 38 

7 '»7 

8 21*5 

6-4 



10 
II 

13 

14 

'5 

17 
18 

19 
21 

22 

23 
25 

26 

t8 



>53 
02 

9-1 

i8-o 

2*9 
11*8 

20'6 

5*5 
144 

i3*3 
8-2 

i7'o 
«*9 



Mardii. 

d h 

i8-o 

i6-6 

152 

13-9 

12*5 

III 
97 



I 

2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 

14 



8-3 

7-0 

5-6 

4a 
2-8 

1-4 

O'O 



14 22*6 

15 21*2 

16 19*9 

17 i8-5 

171 

15-8 

20 14*4 

21 13*0 
11*6 

10'2 

8*8 



18 
19 



22 

23 
24 

25 
26 

27 
28 
29 

30 



7*5 
6-1 

47 
33 

1*9 

0-5 



30 23*1 

31 21-8 



March. 

d h 
io'8 
197 
4-6 

'3-5 
22*4 

7'2 

i6*i 
i*o 



I 

2 

4 

5 
6 

8 

9 
II 
12 

13 

15 
16 

17 
19 



9'9 
i8*8 



/ 



37 

12'6 
21*4 

6-3 
20 15*2 

22 O'l 

9*0 

179 

27 

11-6 

20'5 

5*4 
'4J 



a3 

24 
26 

27 
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Satellites ' of Saturn, 1 8g i . 



[No. 170. 
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Satellites of Saturn, 1891. 
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SATELLITES OF TJEANUS. 



[No. 170. 



w 




Apparent Orbits of the Satellites of XTranuS) as seen in an inrerting telescope. 

Tbe small circle iu the aboxe diagram represeius the planet, the arrows show 
the din»ction of motion, and the figures indicate the interral from the lime 
of last Korth Elongation. 
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Satellites of Uranus and Neptune. 
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Position-angle and distance of the apse of Oberon : — January 17, 9° 



April 17, io°*3, 46"-2; July 17, lo^-g 



43"-9. 
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SATELLITE OF NEPTUNE. 




Apparent Orbit of the Satellite of Neptune, as seen in an inverting telescope. 

The small oirde in the above diagram represents the planet, the arrows show tbe 
direction of motion, and the figures indicate the interval from the time of 
last North-east Elongation. 

North-east Elongations. 
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The Sun : Physical Observations. [No. 170, 



EPHEMEEIS FOB PHYSICAL OBSEEVATIONS 

or THE SUN. 
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MEAN PLACES OF VAKIABLE STABS FOE 1890. 
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7 '6 S9 

7 IS 3> 
7 " *S 
7 »7 53 
7 15 »i 
7 36 16 
7 4-2 4' 
7 48 34 



+37 58- 
- 9 56" 
+47 39' 



+ '5 5' 
+ 9 55' 
+ 9 +i' 



+ B 38' 
+ H 



S HjdcB 

T Hjdra 

T Oancri 

SAntli* 

RCarini 

R Leo. Min. 
ELh 



;C«riiii , 

V Leonia .... 
UHyd™ .... 
R UrsBi Maj. . 
W LeonU .... 



S T^onia .. 
R Comre .. 
T ViririQiB 



8 UrsiE Maj, 
UVirgima ... 
WVirgiiiis... 
V Virginia ... 
RHrdriD ... 
SVi^gioU ... 
■Wnjdnc ... 
R^Vireinifl... 



.\Poiitia 

SBuotis 

VRoolJB 

B Cniuelopardi 



U BoiitiE 



n CoTOnie . 
6 Librae .... 
8 SerpeutiB . 
S CoroMB . 

94. WLiiirn.'.... 

95. U Libra*.... 
96- ZLibjiP .... 
97. V Curoiiie . 



loi.l X Srorpii . 
103. Weeorjni . 
104., B Si'otpii . 



3650 
ro 47 49 
IQ ss 9 



1 
















55 










49 


IS 


4 5^ 




\ 


'3 41 1 


5 


"5 




5 


16 


55 1 


5 


T 


41 1 


S 


15 


19 


S 


40 




5 


45 


'i 
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Mean Places of Variable Stars for 1890 (continued). 



No. 



105. 

106. 

107 

108. 

109 

10. 

11. 

19. 

»3« 

«4 

«S 
16. 

17. 

'»'; 

i*v' 

^^ 

154 



Star. 



R Hoorpii 

W Onhluchi 

V Ojmiuohi 
U Jioinnilifl ... 

V Scorpii .. 
T Opliiuohi.,. 
8 Onhiuohi... 
W llorcuHii... 
R Unw Mill. 
H I>m(H)iu8 

S Itor\*uli8 ... 
K Ophiuchi... 
r Ophiuolu... 
.\ Si^itUrii 

V Opiiiiiohi... 
W (^ittHrii 
T UorouU» ... 
YSs^titUrii... 
T SorjHHit i». . . 

V Snjitittiurii 
\ Ophiuclii 
HSouti 

^ l^VIW 

H ^Yimsi ««.*.. 
K .\qui1«i> ««, 
T SH^iturii 
H Si^tttiirii 

V .\duU(K» .«. 

X ^>}rwi 

i| AquiW , 

8 SS^tw ««« 



R.A. 



III 
II 



8 

6 
15 29 
20 37 
20 57 
23 17 
27 26 

»7 55 
31 20 

3i *7 

32 22 

46 53 

1 26 

10 56 

7 40 37 

7 46 45 

7 5« o 

8 4 56 

8 14 55 
8 23 27 

« »S *5 

7 

37 

I 

59 

4 

53 



Deo. 



I 

9 



8 33 

841 

8 46 
8 SI 
<) 
9 

9 
9 
9 

9 
<) 

9 



10 1^ 
II 



4.\ 53 

46 20 

5» » 



o 

— 22 

- 7 

— 12 
+ 19 
-19 
-15 
-16 

+ 37 

+ 72 

+66 

+ 15 
->5 
+ I 

-17 

- 6 

-29 

+ 3« 
-18 

+ 6 
-19 
+ 8 

- 5 
+ 53 
•+43 
+ 8 
-17 
-19 
-19 



5? ->9 
a6 ~ - 



+1- 

+ 5* 
+ o 
+16 



37-2 
26-2 

lO'O 

8-4 

l6*2 

53*8 

557 

339 
30*0 

592 

7-6 
566 

20'0 

47-2 
6-9 

35« 

O'l 

54*5 
>3*5 

12*3 

43*9 

49'5 
141 

48-0 

r« 
98 

302 

16*2 

07 

38*1 

434 



No. 



7- 
48. 

9- 

o. 

I. 
2. 

3. 

i\ 

6. 
8- 



Star. 



38. SOygni 

39. B Caprioorni 

40. S AquilaB 

41. W Oapricorni. . . 

42. B Sadttse 

43. B DelphiDi 

44. U Oygiii 
45- VCygni 

6. S Delphiui 

X Oygni 

T Delphini ..... 
U Capricomi .. 

T Aquarii 

T Vulpeculie .. 

Y Ojgni 

B VuTpeeulse .. 

Y Capricoroi .. 
X Capricomi .. 

T Cephei 

T*Oapricomi .. 

Y Capricomi .. 
9.. W Cygni 

60. S Cephei 

61. U Aquarii 

62. T Pe^si 

63. ? Cophei 

64. K Lai'^rtse 

65. S Aquarii 

66. S Pegasi 

6-. R Aquarii 

68. YC^ti 

69. R CaasiopeiA .. 



R.A. 



h 
20 
20 
20 
20 
20 
20 



m s 
3 " 



8 

34 
o 

3 

37 



5 
6 

8 

9 
9 . 

20 16 12 

io 37 45 
20 38 I 

*o 39 5 
20 40 10 

20 42 I 

20 44 8 

20 46 48 
20 47 40 

20 59 30 

21 l' 12 

* 15 

8 4 

21 15 57 
21 28 23 

»» 3' 53 

21 36 35 

21 57 20 

22 3 31 

" »5 5 
22 38 23 

22 51 12 

»3 14 59 

23 38 8 

23 52 16 
23 52 48 



21 
21 



Dec. 




+57 


i 
40*1 


-14 


357 


+ '5 


177 


—22 


i8*6 


+ 16 


23*6 


+ 8 


45*4 


+47 


328 


+47 


44-9 


+ 16 


41*6 


+35 


11*4 


+ '5 


59*9 


-»5 


II-3 


- 5 


333 


+ »7 


501 


+ 34 


147 


+*3 


23*2 


-»4 


21*7 


—21 


47*5 


+68 


2-6 


-15 


37-4 


-14 


27'6 


+44 530 


+78 


77 


-17 


94 


+ 12 


o*i 


+57 


51-1 


+4« 


477 


—20 


557 


+ 8 


19*0 


->5 


537 


- 9 


34-4 


+ 50 


465 
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VAEIABLES OF 8H0ET PEEIOU NOT OF THE ALGOL TYPE. 


(ThB Ho. aflor Star's Name refers to Catalogue on pp. 13-24-) 


lfc.-The times of minima only are Ei»en ; the times of mmims maj be found bj adding tlie inl« 


printed under t.be name of the elar. 


';■"■''■ 




VOpuiTCHiiig. 
(7" 21M 


YSaOITTAR. 122. 

(.'.9N 


(mtrtnunl; 


\ U.IJ 


Oet. 


Apr. 


Jnlj 


Oct. 


Feb. 


May 


Aug. 


Feb. 


May 


Aug. 


Aug. Sept 1 


k d b 


d !i 


d b 


d b 


d ii 


d li 


d b 


d h 


d b 


d h 


d 1. 


d b 


d h 


4 '4 5 


SJ s 


lin 


IS 14 


.9 23 


»3 S 


19 12 


30 18 


7 '3 


■ 6 14 
22 9 


2g 11 


6 11 
'3 5 


'.V.V 


1 Aug. 


Nov. 


my 


Ang. 


Kov. 
6 5 


Mur. 
11 K 


June 
6 1 
^3 4 

t"% 


Sept. 
>6 21 


13 7 

19 2 

n 20 


28 3 
June 


Sept. 
3 5 


19 23 
x6 17 


29 lO 


4 
1 


Dec. 


June 


29 3 
Oct. 


13 12 

Tteo, 


29 M 
Apr, 


Oct. 
4 c 


Mar. 
2 15 


g 16 
.4 11 


14 i3 
26 7 


Sept 


Oct. 
6 4 1 


.JS,pU 


16 5 


21 '? 




Is ', 


'5 '5 


27 II 


21 4 


8 9 


20 s 




9 5 


I9 'e!^ 


S '6 5 






May 


Aug. 


Nov. 


'4 3 

19 22 


26 


Ool. 








1 is 


13 14 


7 7 


2S ,6 


July 


I 1 


tm 








31 11 


1 .g 




^M 


,E«I_M)R.35. 






Apr. 
6 5 


7 '3 


■3 14 


^ 


(s' 9"-) 


XSabittab.iiS. 




'3 7 


'S 3 




. Apr. ' Sept. 








24 20 


30 22 




L il h '1 ■' 


(I'li".) 






3° '4 




/J Ltb^ I! 


1 to 14 
4 19 17 


29 1 
Oci. 


Feb. 
d h 
6 13 


May 
d b 
IS 17 


Aug. 
d b 


WSagittab.ijo. 


II 13 

2J, 7 

May 

; 2 


Aug. 
5 9 


Nov, 
S ,6 


(Max. 3- s» 


^ Moy 




■3 '3 


29 ig 


2S 2J 


Feb. 


May 


Aug. 


16 22 


"7 5 
23 a 


e'liV 


^lo I 


'9 8 
19 12 


27 14 


Sep.. 


d b 


d h 
23 10 


d b 

30 4 




=2 16 


2g iS 


Mm. g' le* 
Feb. 1 June 1 1 


■* 


Nov. 


Mar. 


June 


4 22 


it 21 


3. I 


Sept. 




d b 


d h < 


Jai'S- 


.s % 


6 14 


j;^ 


iii 


Mar. 


June 


6 ig 


USAQITTAE.IJ4. 


9 12 


j;"' 


,,'19 10 


2g 23 


'3 li 


19 19 






7 15 


14 J 








i'»9 >4 






26 19 










(2' 13".) 






' 


Dec. 


17 15 




Oct. 


■ 6 2 


22 20 


29 13 


Feb. 


Apr. 


June 


Mar. 


My _ 


Sept. 

III'. 


4 1 

19 .0 


Apr. 
3 'S 


Jnly 

3 19 
.0 19 


1 23 


13 '6 
3' 7 

Apr. 


3° >° 
July 
g 


Oct. 

.1,1 


d b 


d h 
7 2 
■3 "9 


d h 
6 iS 
13 12 


7 a 

20 6 

Apr. 


;;;:. 






17 20 






15 14 




2? 14 








Aug. 


fratiisirs 75. 


■ 7 16 
24 >6 


14 10 
ji 10 




IS 11 
23 1 


"3 i 

30 '5 


29 22 


Mar. 


May 


July 


2 4 
JI 


.; I ' 


(J- s".) 






Nov. 


30 .6 




Nov. 












it 1 Feb. 1 Mar. 










Aug. 














Pb, d b il ij 


May 


A-g. 


14 J 


May 


7 9 


'4 3 


I7 2Q 


17 13 


17 6 


May Sep..! 


f.5 ." "> 








a 6 


14 23 


21 17 


24 14 


M 7 






;»> 4!"^ '7 


g 17 


14- !■ 18 ■ 


^ 


22 14 ^9 7 


31 g 


31 I 


30 IS 


^^ 






^1 






^1 






^1 


^1 


^1 




^H 
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Vaeiables of Short Peeiod (continued). 



U Aquil-«; 133. 

(2d II'*.) 

Sept. 
d h 



'•eb. 
1 h 



I 

2 

3 



far. 



4 

5 

5 
6 



ipr. 



7 
8 

8 
9 



Vfay 
2 10 

9 i' 
6 12 



May 


d 


h 


23 


12 


30 


13 


June 


6 


H 


n 


M 


20 


16 


27 


16 


July 


4 


17 


II 


18 


18 


19 


25 


20 


Aug. 


I 


20 


8 


21 


'5 


22 


22 


23 


30 






6 

13 
20 

27 
Oct. 



o 
I 

2 

3 



4 4 

II 4 

18 5 

25 6 

Nov. 



I 
8 

15 

22 

29 

Dec. 

6 II 

13 J» 



7 
7 
8 

9 
10 



1/ AqUILjE 136. 



Feb. 


(2d 9^.) 

Mar. 


(1 h 

8 5 
5 9 


d h 

4 13 
II 17 



Mar. 

d h 
18 22 
26 2 



ly AQTJILE 136 

{continued), 
Apr. June Sept. 

d h 

27 9 



d 

2 



h 

6 

10 

23 19 

30 23 



9 
16 



May 

8 3 
15 8 

22 12 
29 16 

June 
5 20 

13 I 

20 5 



July 

4 13 
II 17 

18 22 
26 2 

Aug. 

2 6 

9 10 
16 15 

23 19 
30 23 

Sept. 

7 3 
14 8 



d 

21 
28 



h 
12 
16 



Oct. 

5 20 
13 o 
20 5 
27 9 

Nov. 

3 »3 

10 17 

17 22 

25 2 

Dec. 

2 6 

9 10 

16 15 



S SagittjE 137. 



Apr. 

d h 

7 >3 
15 23 

24 8 





(3- o\) 


Feb. 


Mar. 


d h 
16 6 


d h 
13 10 


24 16 


21 19 


Mar. 


30 4 


5 » 





S SagittjE 137' 

(contintied). 



May 

d h 

2 17 

II 2 

19 II 

27 21 

June 

5 6 

13 15 
22 o 

30 9 

July 
8 18 

*7 4 



July 
d h 

^5 »3 
Aug. 

2 22 

II 7 

19 16 

28 2 

Sept. 

5 " 

13 20 

22 5 
30 H 



Oct 

d h 

8 23 
17 9 
25 18 

Nov. 

3 3 
II 12 

19 21 

28 7 

Dec. 
6 16 

15 » 



X Cygni 147. 

(6<»2iJM 



Mar. 
d h 
14 10 
30 19 

Apr. 
16 5 

May 

2 14 
18 23 

June 
4 8 

20 18 



July 

d h 

7 3 
23 12 

Aug. 

8 

25 



21 

7 



Sept. 

10 16 

27 I 



Oct. 

d h 

13 
29 



10 
20 



Nov. 
IS 5 

Dec. 

I 14 

17 23 



T YuLPBO. 151. 



Mar. 
d h 



3 
8 

12 

16 

21 

^5 
30 



13 
o 

10 

21 

7 
18 



Apr. 



3 

8 

12 

16 

21 

25 
30 



15 
I 

12 

22 

9 
19 



May 

4 16 

9 

13 
18 

22 

26 

31 



3 

13 

o 

10 
21 

7 



June 
d h 



4 
9 

18 
22 
26 



18 

4 

I 
12 
22 



July 

I 9 

5 19 
10 5 

14 16 

19 2 

23 13 

27 23 

Aug. 
I 10 



5 
10 

14 

19 

^3 
28 



20 

7 

17 

4 

14 
I 



Sept. 
I II 

5 22 

10 8 
14 19 



Sept. 

d h 

19 
»3 

2 



5 
16 



28 

Oct. 

2 13 

6 23 
II 10 
15 20 
20 7 
24 17 
29 4 

Nov. 

2 14 

7 1 
II II 

15 21 

20 8 
24 18 

^9 5 
Dec. 



3 
8 



15 

2 

12 12 

16 23 

21 9 
25 20 

30 6 



B Qephei I 



Jan. 

d h 

4 19 

10 4 

15 13 
20 21 
26 6 

31 »^ 

Feb. 

6 o 

11 9 

16 17 

22 2 

27 11 

Mar. 

4 20 

10 4 

15 13 
20 22 

26 7 
31 16 

Apr. 

6 o 

11 9 

16 18 
22 3 

27 12 



May 
d h 



i 



2 
8 

13 
18 

24 
^9 



20 

14 I 

16 a 



June 

4 » 
9 10 

14 19 

20 4! a 

25 12 3 
30 21 

Julj 

6 6 
II 

17 
22 

27 



>5i 
o 

8 



I ' 



17 : 



Aug. 

2 21 

7 "I 
12 20 : 
18 4 1 
23 13 J 
28 22,: 



Magnetic Elements, Eoyal Obseevatoht, Gtreenwich. 



Year. Declination. Horizontal force. Dip. 

o i 01 

1879 18 41 west. 0*1803 67 37 observed. 

1889 17 35 „ 0-1821 67 24 

1891 ... ........ 17 24 „ 0*1825 ^7 2' inferred. 

The horizontal force is given in C. G. S. measure. 
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MINIMA OF VAETABLE STAES OF THE ALGOL TYPE. 

(The figures following star's name are the Nos. in Catalogue, pp. 23-24.) 



U Cephei 5 *. 


Algol 18*. 


\ Tauri 20 * 


(2«»II> 


' 50".) 


(2«» 20' 


^ 49".) 


{continued). 


Jan. 


July. 


Jan. 


August. 


August 


Oct. 


d h m 


d h m 


d h m 


d h m 


d h m 


d h ni 


I 8 49 


4 20 17 


2 13 II 


5 14 >5 


3 H I 


21 15 25 


6 8 28 


9 '9 57 


8 6 49 


11 7 52 


II II 45 


29 13 9 


II 8 8 


14 19 37 


14 26 


17 I 30 


19 9 30 




16 7 48 


19 19 17 


19 18 14 


22 19 8 


27 7 14 


Nov. 


21 7 27 

26 7 7 


24 18 56 
29 18 36 


25 II 42 
31 5 ao 


28 12 46 


Sept. 


6 10 54 
14 8 38 
22 6 23 


31 6 47 




Feb 


Sept. 


4 4 59 


Feb. 


August. 
3 18 16 


5 aa 57 
II 16 35 


3 6 23 

901 

14 17 38 


12 2 43 
20 27 
27 22 12 


30 4 7 
Dec. 


5 6 26 


8 17 55 


17 10 13 


20 II 16 




8 I 51 
15 23 36 


10 6 6 


13 17 35 


23 3 50 


26 4 54 


Oct. 


>5 5 46 


18 17 15 


28 21 28 


•^ j~ 


< 


20 5 26 


23 16 55 




Oct. 


5 »9 56 


23 21 20 


as 5 S 


28 16 34 


March. 




13 17 41 


31 19 5 


March. 


Sept. 


6 15 6 
12 8 43 
18 2 21 


I 22 32 
7 16 9 

13 9 47 


ECaj^isMaj. 39t. 


a 4 45 


2 16 14 


23 19 59 


19 3 25 
24 21 3 


ri=i** 3*» 16™. 

[2=2 6 31 


7 4 25 


7 15 54 


29 13 37 


30 14 40 


12 4 4 
17 3 44 


>2 15 33 
17 15 13 


April. 


Nov. 


Jan. 


March. 


22 3 14 


22 14 53 


4 7 14 


• A 


d h m 


d h m 


27 3 3 


27 H 33 


10 52 


5 8 18 


1 9 47 


17 9 9 






15 18 30 


11 I 56 


4 19 35 


20 18 55 






21 12 7 


16 19 33 


8 5 22 


24 4 43 


April. 


Oct. 


a7 5 45 


22 13 II 


II 15 9 


27 14 30 


I 2 43 


2 14 12 




28 6 49 


15 57 


31 17 


1 •# 

6 2 23 
II 2 3 


7 n 5* 

12 13 32 


July. 
2 4 29 


Dec. 


18 10 44 
21 20 31 
25 6 19 
a8 16 6 


• 


16 I 42 


17 13 11 


7 22 6 


4 26 


April. 


21 I 22 


22 12 51 


'3 15 44 


9 18 4 


AO 1 w W 




26 I 2 


27 12 31 


19 9 22 
25 a 59 


15 II 42 
21 5 20 




3 10 5 
6 19 5* 






30 20 37 


26 22 57 


Feb. 


10 5 39 


May. 


Nov. 








13 15 *7 


I 41 


1 12 II 


XTaur 


I 20*. 


I I S3 
4 II 41 


17 I 14 
20 II I 


6 21 


6 II 50 


(3d 22»» 


52".) 


7 21 28 


23 20 48 


II I 

15 23 40 


II II 30 
16 II 10 


Jan. 


March. 


II 7 15 
14 17 2 


27 6 36 
30 16 23 


20 23 20 


21 10 50 


d h ra 


d h m 


]8 2 50 


«r ^ 


25 23 


26 10 29 


232 


6 8 57 


21 12 37 




30 22 40 


Dec. 


10 47 
17 22 31 


14 6 42 
22 4 26 


24 22 24 
28 8 12 


May. 




25 20 15 


30 2 II 




4 2 10 


June. 


I 10 9 








7 If 5« 


4 22 19 
9 21 59 


6 9 49 
11 9 28 


Feb. 


July. 


March. 


10 21 45 

14 7 3* 


14 21 39 


16 9 8 
21 8 48 


2 18 


2 23 3 


3 »7 59 


17 17 20 


19 21 18 


10 15 44 


10 20 48 


7 3 4^ 


21 3 r 


24 20 58 


26 8 28 


18 13 29 


18 18 32 


10 13 34 


24 12 5f 


29 20 38 


31 8 7 


26 II 13 


26 16 17 


13 23 21 




• A^^flma 


te minims on 


\j are ^yen 


; the otben 


GMi be rc«9 


a\^ l«-^^ 



'vmI under the name of the itMT* - 
inimum only. 
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Minima of Variable Stars of the Algol Type (continued). 



B Caites Maj. 39t 

(continued). 



Sept. 
d h m 

I 12 2 

21 49 

7 36 

17 24 

3 " 
12 58 

22 45 

8 33 

18 20 

Oct. 



4 
8 

II 

15 

18 

21 

25 
28 



5 
8 

12 

19 
22 

26 

29 



4 7 

13 55 

23 42 

9 19 
19 17 

5 4 

14 51 

o 38 
10 26 



Nov. 



d 
I 

5 
8 

12 

15 
18 

22 

i5 
29 



h m 
20 13 

o 
48 



6 

15 
I 

II 

21 

6 



35 
22 

10 

57 



16 44 
2 31 



2 

5 

9 
12 

16 

19 
22 

26 

29 



Dec. 
12 

22 

7 53 
17 41 

3 28 



19 
6 



13 

23 
8 

18 



15 

3 

50 

37 



S Canoei 52. 



d 

4 

13 
23 



I 
II 

20 



Jan. 

h m 

4 40 
16 18 

3 56 
Feb. 

15 34 

3 " 
14 49 



March. 



2 
II 
21 
30 



2 27 

H 5 
I 42 

13 20 



April. 

9 o 58 
18 12 36 
28 o 13 

May. 

7 II 51 
16 23 29 

26 II 7 



June. 

d h m 
22 44 



4 
>4 

23 



10 22 
22 o 



Sept. 



7 

17 
26 



19 
6 

18 
Oct. 



2 
40 

17 



6 

15 
*5 



5 

17 
5 

Nov. 



55 

33 
II 



3 

13 
22 



2 
II 
21 
30 



16 48 

4 26 

16 4 

Dec. 

3 4* 
15 19 

2 57 
'4 35 



d LiBBiE 88 *. 
{2^ 7^ 51".) 



Jan. 

d h m 

I 14 30 

6 6 12 

10 21 55 

15 13 38 
20 5 21 
24 21 3 
29 12 46 

Feb. 



3 

7 

12 

'7 
21 

26 



4 *9 
20 12 

" 55 

3 37 
19 20 

II 3 



March. 



3 

7 
12 

17 

21 
26 

31 



2 46 
18 28 
10 II 



I 

17 

9 

I 



54 
37 

19 

2 



April. 



4 
9 

18 
23 



16 45 
8 28 



o 

15 
7 



27 23 
May. 



10 

53 
36 

19 



2 

7 
II 

16 

21 

25 



»5 I 
6 44 

22 27 

14 10 

5 5a 
21 35 



30 13 18 



June. 



4 
8 

13 
18 

22 

27 



h m 

5 I 

20 44 

12 26 

4 9 
19 5* 
n 35 



6 
II 
16 

20 

*5 
30 



July. 

2 3 17 
19 o 

10 43 
2 26 

18 8 

9 51 
I 34 



August. 

'7 



3 
8 



17 
8 



13 o 
17 16 
22 8 
26 23 

31 15 



59 
42 

^5 
8 

50 
33 



Sept. 
5 7 16 

9 " 59 

14 14 41 

19 6 24 
23 22 7 
28 13 50 

Dec. 
2 17 48 



7 
12 

16 

21 

26 

30 



9 31 
I 14 

16 57 

8 39 

O 22 
16 5 



U COEON^ 89 *. 

(3d ,oh ^jm ) 

Jan. Feb. 



d 

2 

9 
16 

23 



h 
8 

5 

3 
I 

29 22 



m 
6 

48 
30 

55 



d 

5 
12 

'9 
26 



h m 
20 37 
18 19 
16 I 

13 43 



26 



U COBONiB 89 * 

(continued), 

July* 

d h m 

7 18 4 

14 15 46 

21 13 28 

28 II 10 



Mardh. 

d h m 

5 " *5 
12 9 8 

19 6 50 
4 3* 



April. 

2 2 14 
8 23 56 

15 5^1 38 
22 19 20 

29 17 3 
May. 

6 14 45 
13 12 27 
20 10 9 
27 7 51 

June. 



3 
10 

17 



5 33 

3 15 
o 58 

23 22 40 

30 20 22 



August. 

8 
6 

4 
I 



4 
II 

18 

25 
3» 



23 



53 
35 
17 
59 
41 



Sept. 

7 21 23 
14 19 5 

21 16 48 

28 14 30 

Dec. 

6 15 31 

13 13 13 

20 10 55 

27 8 38 



U 0PHIUCHIIl7t. 



I =0** 20''* 

2=1 16 



3 = 2 12 22 




Feb. 

d h m 
I 3 30 
4 12 o 

7 20 3» 
II 5 2 

14 13 32 
17 22 3 

21 6 34 

24 «5 4 

27 23 35 

March. 

386 

6 16 36 

10 I 7 

13 9 38 
16 18 8 

20 2 39 
23 II 10 
26 19 40 
30 4 II 



April. 

d h m 
2 12 42 
5 21 12 

9 5 43 
12 14 14 

I c 22 44 

10 7 15 
22 15 46 
26 o 16 
29 8 47 



2 

6 



May. 

17 17 
I 48 



9 10 19 
12 18 50 
16 3 
19 II 
22 20 22 
26 4 52 
29 13 23 



20 
5» 



* Alternate minima only are given ; the others can be readily found by 
addwg the interval under the name of the star. 
t iSvery third minimum only. 
/ Eyery fourth minimum only. 
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Variable Stars. 



29 



Minima of Variable Stars of the Algol Type (coutinued). 



June 


• 


d 


h 


m 


1 


21 


54 


5 


6 


»4 


8 


H 55 


II 


23 


26 


15 


7 


56 


i8 


16 


27 


22 





58 


^5 


9 


28 


28 


17 


59 


Julj 


^ 


2 


2 


29 


5 


II 





8 


'9 


3' 


12 


4 


I 


15 


:2 


32 


i8 


21 


3 


22 


5 


33 


2^ 


H 


4 


28 


22 


35 



TJ Ophittohi 117 J 

{continued). 

August. 

d h m 
18 I 39 
21 10 9 
24 18 40 
28 3 II 

31 " 41 



Sept. 

3 20 12 

7 4 43 
10 13 13 

13 21 44 
17 6 15 
20 14 45 
23 23 16 
27 7 46 
30 16 17 

Oct 

4 o 48 
7 9 19 

10 17 49 

14 2 20 
17 10 50 
20 19 21 

a4 3 5» 
27 iz 22 

30 20 53 



August. 

I 7 5 
4 15 36 

807 
II 8 37 
14 17 8 



T Creyi 152 J. 

{1=1* ii** 57" 1 
2=2 23 55 V 
3=4 " 52 J 



Jan. 

d h m 

3 H 36 
9 14 26 

15 14 15 

21 14 4 

*7 13 53 

Feb. 

2 13 42 

8 13 32 

14 13 21 



Feb. 

d h m 
20 13 10 
26 12 59 

March. 

4 12 48 
10 12 38 
16 12 27 

22 12 16 
28 12 5 



Y ClGNI 1524: 
{contimied). 



April. 

d h m 

3 " 54 
9 II 44 

15 " 33 
21 II 22 

27 II II 
May. 

3 II o 

9 10 50 
15 10 39 
21 10 28 

27 10 17 

June. 

2 10 6 
8 9 56 

9 45 
9 34 
9 23 



August. 

d h m 
7 46 
7 35 
7 24 



19 
25 
31 



Sept. 

6 7 14 

12 7 3 
18 6 52 

24 6 41 

30 6 30 

Oct. 

6 6 20 
9 



14 
20 

26 



July. 



2 
8 

20 
26 



9 12 

9 2 
8 51 

8 40 
8 29 



12 
18 

24 
30 



5 
II 

17 
23 

29 



6 

5 58 
5 47 
5 36 

Not. 

5 26 

5 15 
5 4 
4 53 
4 42 



August. 

8 18 
8 8 

7 57 



I 

7 

13 



Dec. 



5 
II 

17 
23 

29 



4 3* 

4 ai 
4 10 

3 59 
3 48 



S AXTLI^ 56 §. 

Jan. \ Jan. 

d h m . d h m 
o II 44 16 16 44 
3 17 32 19 22 32 
6 23 20 23 4 20 
10 5 8 26 10 8 
29 15 56 



8 Antli-s 56 § 

{continued). 



Feb. 

d h m 
I 21 44 

5 3 32 
9 9 20 

II 15 8 
14 20 56 
18 2 44 
21 8 32 
24 14 20 
27 20 8 



March. 

3 I 56 

6 7 44 

9 13 32 
12 19 20 

16 I 8 

19 6 56 

22 12 44 
25 18 32 

29 o 20 

April. 

I 6 8 

4 " 56 

7 17 44 
10 23 32 

14 5 20 

17 II 8 

20 16 56 

23 22 44 

^7 4 3» 

30 10 20 



May, 

1 16 S 

6 21 56 

10 3 44 

iw M i^y 

19 If t( 

%'h % Of 

^ »44 

I'y f 4 \i 



June. 

d h m 
I 20 20 
528 

8 7 56 
II 13 44 

14 19 3* 
18 1 20 
21 7 8 
24 12 56 
27 18 44 



Oct. 

3 o 44 
6 6 32 

9 12 20 

12 18 8 

15 23 56 

19 5 44 
22 II 32 

25 17 20 

28 23 8 



Not. 

I 4 56 
4 10 44 
7 16 ^1 
10 11 10 
14 4 9 
17 9 56 
20 15 44 
13 It 11 

17 3 a« 
30 9 K 



1 '4 ?^ 

^ Vt 44 

I// 4 ^1 

M » 2'/ 

i4 14 % 

1^ *', 5^ 

2^ / U 

%ff 7 ?< 



13 10 56 

t Every fourth minimum only. 

I ETerj- tenth minimum only, the othem may b^ it^tA fij \A^t,t *>j^ ^"-^ 
tiples of period in the following table : — 



P. 


h m 


1 


d h in 


K 


•i A ,1* 


I 


7 47 


♦ 


» 7 7 


7 


» 4 2? 


2 


>5 34 


5 


» «4 54 


t 


1 ^4 «. 


3 


2J 20 


6 


i » 4f 


> 


1 t"* t 



Variable Stan. 
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MAXIMA AND MINIMA OF VAEIABLE STAES. 



The No. refers to catalogue oa pp. 1I-14 ; M, signifies 



S^u^<y. 1 




No. 








166 M 




101 M 




14 M 




30 M 




60M 








66 M 




ilM 




■ 16 ™ 




134 OT 




iiS m 


10 


69 M 




90 ™ 


'3 


72 M 


"4 


144 «B 




61 m 


15 


82 m 




95 M 




76 M 


iS 


3* ™ 




60 m 




,48 M 




85 M 




55 m 


"4 


40 m 




ijt ™ 


ii2SM 


16 1 41 m 


l%M 


17 141 m 


.9 .34M 


?. .46 M 


Fe 


wuary. 
71 M 


4 


13 m 


7 


138 M 




60M 


9 


.9M 




37 >« 




44 M 




.S5M 




.03 M 




116 M 




J3S m 


"3 


41 M 








■ 61 M 


iS 


60 m 


10 


.;;a 


13 


3 >» 



,5 +7 M 
,6 65 M 
.S 159 M 



3 78 M i3 143 " 1 



Ma;. 

3 'S9 '■ 
S 9 '■■ 

8 IZ3 M 

9 J4M ■' 
11 60 M : 



« J! 48 M 

.. _- m 16:141 M 

iqi S4M I7I g4M 

,0 38 M -' -- 



96 u 

IJ M 2 

.34 M = 



June. 


August. 


September 


N 


d No. 


d 


No. 


d 


No. 




3 ii>M 




7M 


'3 


76 M 




J ,38™ 


3 


.35 M 




60 m 




ijM 


4 


3. « 


14 


12 M 




37 M 


5 






'54 M 




5 54 M 




6;M 


^5 


-03 M 




6 SGH 


s; 


.05 M 




5.M 




7 7^M 




>Jm 


17 


4. M 




9 40M 




SiM 




.69 m 




74 M 




60 M 




113 )« 




10 41 m 


'3 


41 M 


30 






,1 60M 




38 M 


" 




118 M 




45 M 


October, 




11 153 m 


■5 


8 m 


6 


74 *" 




13 lai m 




83 M 




134 m 




134 M 


16 


6d » 


7 






.4.15M 


17 


liii 




128 »i 
60 M 


1 


'[ loM 




67M 




24 M 




iti 141 m 




i]4M 




71 M 




11 60 m 




9M 




38 m 


3 


iieM 




*7M 








^iSSM 


n 


60 w 




'59M 


n 


156 M 








8s M 




26 7'^ 


i4 


84™ 




126 m 




17 m 


15 


6M 








27 eiM 




J42 »• 




68 M 




28 4.M 




S7M 


13 


62 M 




30 43 M 


29 


168 M 


^4 


6a m 
63 *, 




July. 


30 


12lM 


^5 


2M 




3.1D1.M 




4M 


17 


'34 M 




4 


■S9M 


3' 


loiM 




17 M 






116 M 






118 M 




1 




^plenber 








9 


9?M 




58 M 


23 


.53 «; 






60 M 




■44 M 


30 


72 M 






64 M 




,3,M 




1 




1=5 M 






1*0 veil] bor. 






99 M 




g;M 




9=11 






,j8m 


3 


129 M 




65 in 




S 


66 M 


6 






.61 M 






14: m 




35 m 


3 


80 M 




ii 


,^1S 


7 
8 


,9M 

4m 




^lll 


^ 


*3 


60 m 


9 


41 m 


4 


■ 46 M 






,46 m 




II M 




142 m 




^4 


90 Bl 




.28 M 


5 


70 M 






73 M 




6qM 




S6 -" 




^7 


,3SM 
6im 


'4 


ia6M 


' 


49 M 
.59 M 


" 


3° 
31 


16 M 


iS 
19 


35 M 


■' 


4. M 
47 M 


5 
i 



58 u 

18 M 



i Dooember. 

91 w 

I so m 

t]3oU 



9 94M 

'S2M 
141 H 
■S7M 
128 U 
134 m 
60 U 
34 m 
16 U 
[48 M 

83" 
84 M 

160 M 
-.07 M 
98 U 
60 m 
138 M 
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Double Stars. 
DOUBLE STAES. 



. I 2 13, Oopbei jiS .. 



OIu, XCassiop 

^ In, q Cmiop 

OS 10, 66 Piswum .. 
1 7J, j6 AndromediB 
Siij, ^zOeti 



;.Erid 



01 79, (jTauri 

S!;s 

0£ 9II, i OrionU 

S71! 

27+9 



S iig6, i Osaari AB . 

^^°S 

2 1173, (Hydra 



0£ 115, Pinraii. 13.. 
£ 14-X41 7 LeoiUB AB 
2 '+57 



02*35 

OSsS? 

£ 1639. 6S Comn... 
S 167c, y VirginiB 



+76 io 
I +35 S» 
I +53 55 



3 S.O 
3 »7-9 
3 Ji'S 



5 14'9 

5 30'3 

6 36-5 



7 i?'" 
7 467 
7 47'i 
7 +90 



+ 6 49 
+'9 ) 
+ 9 3^ 



+ 36 46 

-7 3" 
+ 3 39 



zEfi-3 



32 



Double Stars. 
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Double Stabs {continued). 



No. 



55- 
56. 

57- 
58. 

59- 
60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 
68. 
69. 

70. 

71. 

7*- 

73- 

74- 

75. 
76. 

77- 
78. 

79- 
80. 

81. 

82. 

83. 
84. 

85. 

86. 

87. 
88. 
89. 
90. 
91. 
92. 

93. 
94. 

95- 
96. 

97. 
98. 

99. 



Name of Star. 



S 1865, 2:Bo6ti8 

2 1876 

2 1888, ^Bootis 

^ 239 

i8ii9 

2- 1937» n Oor. B6r. ... 

S 1938, /i^ Bootis 

02 298 

2 1967, y Oor. Bop. ... 

02 303 

2 1998, 1 LibrsB 

2 2032, (rOoronse 

2 20s 5, X Ophiuchi ... 
2 2084, 2^ Herculis ... 
2 2107, 167 Herculis . 
2 2I20, 210 Herculis . 
2 2173, 221 Ophiuchi. 
/3 631, 255 Ophiuchi . 

02338 

2 2262, T Ophiuchi ... 
2 2272, 70 Ophiuchi . 

S2315 

02 358 

y Ooronee Australis . . . 

i3 248 

Schjellerup 30 

02 387 

OS 400 

02406 

j8 151, i3 Delphini ... 

02413, X Cygni 

2 2729 

22737, AB 

22758, 61 Oygni 

02 535, d Equulei ... 

/3 838 

22799 

/3 170 

2 2909, $ Aquarii 

02 489, IT Cephei 

i3 8o 

i3 854 

23046 

^733 

/3 28i 



R.A. 
1890. 



h 
4 



m 
36*2 
40-8 
463 

52*0 

597 
1 8*8. 

20*4 

325 
35-0 

56*0 

577 
iro 

25*0 
37*2 
47*6 

O'O 

24*5 

330 
47-0 

57'i 

O'O 
2I*0 
31-0 
590 
12*9 

21*5 

44-5 

6-8 
20 16*4 
20 32*4 
20 43*1 
20 46*0 
20 54*o 
2»o 
9'o 

15-3 

23*3 

3*o 

22 23*2 

23 4*4 
1 30 

19*0 

23 51*0 

23 567 

23 57*1 



4 

4 

4 

4 

5 

5 

5 

5 

5 

5 
6 

6 

6 

6 

7 
7 
7 

7 

7 
8 

8 
8 

9 
9 

9 

20 



21 
21 
21 

21 
22 



23 
23 



Dec. 
1890. 



+ 14 

— 6 

+ 19 

-27 

— 6 

+30 
4-37 46 
-1-40 13 

+ 37 
4-13 

— II 

+ 34 

+ 2 

+31 
+28 

4-28 

— P 

— o 

+ X5 

— 8 

+ 2 

+27 
+ 16 

-37 
+ 22 

— 12 

+ 35 
+ 43 
+45 
+ H 
+36 

— 6 

+ 3 
+ 38 

+ 9 
+ 2 
+ 10 
-19 

— o 

+ 74 
+ 4 

+ 5 

— 10 

+26 

+ I 



12 

55 
33 

12 

35 
42 



o 

35 

4 
12 

>3 
48 

52 
15 
58 

25 
21 
II 

33 
20 

50 

14 

51 
22 

2 

37 
I 

'3 

8 



2 

53 

13 

34 
40 

36 
I 

36 

47 
48 

26 

7 

30 
31 



Mag. 



4 
8 

5 
6 

8 

6 

6i 

7 
4 

7 

5 
6 

4l 

3 

7 
6 

6 

7 
64 

5 
4 
7 
6i 

5i 
6 

8 

7 

7 

7 

3i 

5 

6i 

6 

5 

7* 

7 
8 

4 

5 
8 

8* 
8 

6 

8 



4 
8 

7 
6 

84 
6 

74 

74 

7 

74 

54 

64 

54 

64 

84 

9 
6 

7 

64 
6 

6 

8 

7 
54 

9 
8 
8 
8 
8 

54 

64 

7 

6 

5 

94 

74 
8 

4 

74 

9 

84 
8 

9 
9 



Posi- 
tion. 



293*4 
251-5 

246-2 

128-3 

306-4 

186-0 

97-8 

143-0 

126*6 

137*5 
200-4 

207-8 

42*0 

65-8 

244*6 

248*1 

343*1 
238-8 

21-2 

455*2 

336*5 
226-5 

198-4 

i88-6 

125-1 

328-3 
354*6 
140-1 
108 '9 
310*1 
70-5 
170-5 
283-5 

]21'2 
193-1 

95-8 
302*9 

60*4 

324*3 
30*0 

319*5 

88*3 
246-9 

32*5 
209*0 



Dis- 
tance. 






/J 
0-51 

1*30 

3*15 
0*96 

1-61 

0-72 

0-73 

0-33 

0-38 

0-65 

1-24 

3-83 

1*69 

1-68 

0*49 

6-09 

0-84 

0-40 

0*84 

172 

2-OI 
0-27 
173 
178 

170 

|-6o 

o*55 
0-25 

049 

0*29 

0-66 

0-53 

0-90 

20-58 

0*2 + 
171 

1*35 
1*56 
304 
1*05 
0-84 
1-89 
298 
i-i6 

1*35 



Epoch 
i88o-f. 



7*50 
8-31 

10*41 

8-43 
8*45 

7*63 
9*35 
7*56 
7-51 

7*47 
850 

862 

870 
10*70 

7-51 
867 

10-69 

8*51 

9*73 
8*71 

jo*6i 

7*56 
8*74 
8-67 
8-68 

8-54 
8-76 
7.92 

7-51 
8-65 

9*86 

7*82 

982 

8*84 
9-82 

7*77 

9*94 
8-78 

1079 

973 
8-79 
8-82 

8-50 
8-67 
8-89 



In the column headed " Observer," the following abbreviations are used : — 

C. ComstcK 



L. Leavenworth. 
S. Sohiaparelli. 
H2. Herman Struve. 



Te. Tebbutt. 
j3. Bumham. 
E. Engelmann. 



M. Maw. 
H. Hough. 
T. Tarrant. 



THE OBSERVATORY, 

A MONTHLY REVIEff OP ASTRONOMY. 

,\... 171. JANUAKY. 1891. 

MEETLNG OF THE ROTA.L ASTBONOmCAL SOCIETY. 
Friday, Dcciimber 12, ifigo. 



Secretaries ; E. B. KifOBEt, and A. M. W. Dowuufa, M.A. 

Tkb Minutea o£ the previous Meeting were read aad confirmed. 

Ml'. Doiinxing. Seventy preseiita hava been received since the 
date of the last meeting. Thy only ones calling for special mention 
are: — Ahmed Moukhtar Pasha, The Eeform oE the Turltish 
Oalendar (in Turkish), presented by Sir J. W. Eedhouae; and 
Celestiftl Photographa (glass positives and paper prints) taken at 
lliB Sydney Observatory, presented by Mr, H. C. Enasell. 

The thMiks of the Society were returned to the donors. 

On the modon of Mr. Banyard, A. Cattain, A. J, Lecky, and 
V. H. Maw were appointed Auditors of Treasurer's Aeamuts for 
the year 1890. 

^iffier Cortie i-ead an abstract of his paper on the " Spectra of 
Sun-spots in the region B to D," the observatioaa havmg been 
taken in the years 1882-89. '-!'''« apota obsen'ed are diatributed 
over both the disturbed and quiet periods of solar activity in the 
last cycle. A long table contains a list of nearly 300 lines ob- 
served, a mean, widening being deduced for each line in both 
periods. The number of times each line was recorded among the 
more widened or moat widened lines is also noted, and a table of 
remarks is appended. The following were among the chief 
results : — With regard to the iron lines the ohservationa show 
that daring the disturbed period (1882 to the autumn of 1886) 
they were very rarely entered among the most widened lines, but 
during the quiet period these lines were affected in sun-spots to 
a much greater extent. A carve has been drawn which exhibits 
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tlioHO rofiulifl. On Iho contrary, some titanium lines, and those 
more ))arlicularly which are faintest in the ordinary spectrum, 
liav<^ vi^ry frequently been observed among the most widened lines, 
both in the disturbed and quiet periods. Calcium is more or less 
steady in all the observations, the mean widening of pure calcium 
lines IxMug low. With regard to lines due to unknown substances, 
by fur the amjority in this part of the spectrum, the observations 
bring out the following facts : — During the maximum, when large 
spots art^ abundant, many new faint lines make their appear- 
and; sueh linos are not characteristic of the disturbed period, 
but. have ivappoared in the larger spots of the quiet period. 
'Phen^ an> some famt lines among them, lines unrecorded by 
Anj»stHim, which ar(> constantly widened in all spots large or small 
and of whatever period. Spot-bands, w^hich were observed in 1885 
and \ SS6 on eight occasions, disappeared with the advent of the 
quiet pi>nod. Although the "basic" lines, of which eleven ex- 
amples oiHMir in this part of the spectrum, have all appeared among 
the most widened lines at one time or another, yet such appear- 
and^, when ix>utrtvsted with the whole number of obsenations, 
have Ihvu oi^mparatively rare, but 15 times in a total of 407 obser- 
viUions. Several of the lines marked as telluric by Angstrom have 
Uvn soon wideneil in sun-spots. 

\h\ Mitmk\hi\ For some short time T was engaged in a similar 
wv^rk in a dilTen^ut \\k\t\ of the si^ectruni, but only in one of the 
two |MMniHls of which Father Cortie spicks — that of maximum. 
So for as niY olv^ervations wvnt they quite confirmed one or two 
of the points which this |^^>er brings out. One of the most 
iut'^r\*stin,sj points is that the Ivinds which are seen in the spot- 
sjKvlfH ar^* IvpicjU of the maxinuim |vriod. The bands which I 
si^w in the jji^hmi weix* very ix^nspicuous in the period just before 
the maximuuu and they sivuuhI to gv^t K»ss and le«s conspicuous 
as the aottNitv of the Sun divr^N^seil. Father Cortie found that the 
s|vt Ixands in the nnl end of the s|vctrum faded out entirely in 
the unnimum jH^riiHl* Mr* lAvkver* at South Kensington, using a 
dittetvut jvart \xf the sjHvt nu^u foutui thiit the iron lines were con- 
tuvti\l with the sun-.^|v>t ivrivHU and in * The Cbemistrr of the Sun ' 
^\^\<i dxMt^H^ slw^wtUiT how the wtuuWr vxf most widened iron lines 
5\vrv\^^^^ tv^w^rvls tuaximutu and iuotv^<^\!t to^-aids minimum. 
F^thtsr iVrth^ s tw^tdt^i vvnttrtn thxs^ Kit whi!^ Mr, Lockrer found 
th>^t ^iiK'^ v^f wnknewn ^xri^riu \;iirv in a nvur.ner adnnxst exactly the 
o^xjvxmV tv^ the <rv>« liih>?s that ^s t^^ ^y^ as the iiv^n Kneis decrease 
i« UvuesKw ^^ the U^u^s v\f unkiiv^wu vvr^^irta SevVMtie moi^ con- 
5tjv\MvHtv^ th^s ^s Uv^ tSo \ti55»i^ i;^ F^ti^^r Oor*:5oVoi*jen^iionsw If 
I ho U\\^ vv,rxvN?i at\* s\^ e\;iys;!lv o:^^,\v«»i\J ;o<N*cft v^ch^sras Mr, LockTer 
t^«n:vU iNv^^u ;h^^^ ^v"^*^^^s u^ '{^iH^ ;! ><.;^'^:50i:: oc $o:r5e connection 
K^\\v\N;^ nho uxw Mr. Ivvkw^c *h>v^ Jti^i Ax:^^'«ibt* sik»5«!> on 
t;'.v^ i|>As^ twVA? >Vk' tV^^ ^xjisv k^.ts'<:^ wt 5iakv?3K^ ;.\it:^ kS: tbe :^;^eiirtnun are 
vusv-S ^i^'^^s^yNt V\<5wsr iXvrnr^'' ifv\;^,N^ t^t t*o<;:i:ai Murilr ail the 
N*\v Vhwn^ «^ W jviiW vNf thi^ ^^vv5?^'!lfc >J^vw ail^:1I)^i « one time or 
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another, yet out of the vast number of observations (over 400) 
the basic lines were only 15 times widened. These results would 
therefore very largely destroy the effect of Mr. Lockyer's argument 
based upon the fact that the basic lines were so strongly repre- 
sented in spot-spectra. 

Mr. Jtanyard, I should like to congratulate Father Cortie upon 
the number of general results he seems to have produced. There 
is one point which struck me as curious. He says that some of 
the atmospheric lines are widened. It is rather difficult to judge 
of the widening of lines in a sun-spot as compared with the photo- 
sphere section without getting the actual measurement, because 
there is a great deal in the physiological effect of the brightness of 
the background. This may be seen by dimming any part of the 
spectrum by putting a match in front of the slit. It is very diffi- 
cult to compare the breadth of lines in a comparatively faint spec- 
trum with those in a bright spectrum. With regard to the basic 
lines mentioned, there is a double chance of their widening, since 
they are due to two metals with lines apparently coincident. 

A vote of thanks was accorded to Father Cortie for his paper. 

The President. Mr. Roberts is going to show us some stellar 
photographs with the aid of the limelight and an apparatus which 
we have purchased for the purpose. 

[Mr. Koberts then exhibited and explained his various photo- 
graphs.] 

TJie President I am sure everybody here will join in giving 
most cordial thanks to Mr. Eoberts. We have all seen and 
learned something that we did not know before. We also owe a 
Vote of thanks to Dr. Spitta for the trouble he has taken in sup- 
plying us with the apparatus by means of which we have been 
able to see these interesting sights. The scientific meeting is now 
adjourned until 9th January, and we will proceed t6 the special 
meeting, of which notice has been duly given. 



I 



SPECIAL GENERAL MEETING. 

Mr. Downing, The following notice has been sent out to the 

ellows : " A Special General Meeting will be held on Friday, 

^ 2th December next, at 9 o'clock precisely, after the ordinary 

^^ening meeting. Business proposition: 'That henceforth for 

t-lie period of one year the meetings of the Society be held at 

-4 -30 P.M., and that Bye-law 44 be altered accordingly.' " 

The President. I must ask that strangers and visitors will with- 
draw, as the proceedings are now devoted to the ordinary business 
of the Society. 

Mr. Knohel. I beg to move that the reporters be allowed to 
remain. 

d2 
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Mr, Downing. I beg to second that. 

The motion was carried. 

Mr, Chambers. Mr. President, I have ventured to bring 
forward this motion on the ground of doing the greatest good to 
the greatest number, and I have done so because I think the 
discussion which has already taken place on this subject on former 
occasions somewhat inadequate. Sir Erasmus Ommaney, who 
was to have seconded my motion, is not here, but he has written 
to me to say, " You may say I am certainly in favour of after- 
noon meetings. In other societies where the change has been 
adopted it has given great satisfaction." When the Society was 
founded in 1820, the common times for dinner were 4 o'clock or 
5 o'clock, and everybody was obliged to sleep in London, because 
there were no facilities for going away at night. Coming down 
to a later period, to 1856, the common times for dinner were 
6, 6.30, or 7, but now we are face to face with a different sort of 
thing. The great extension of railways within London, and the 
development of the London season, have pushed on the ordinary 
dinner hour from 6.30 to 7.30 and 8. I have in my motion put 
down the hour for meeting as 4.30, but, supposing 5 o'clock is 
suggested, I should not wish to stand out, supposing the Society 
is willing to have the meetings at that hour for a year. It would 
enable Eellows living within 100 miles of London to be present 
without sleeping in London. Five o'clock, or thereabouts, would 
enable Fellows going home from the City or from business 
to attend here and yet get home for a quiet evening. The 
ordinary business of the Fellows of this Society being over by 
5 o'clock, they have with our present hour of meeting no chance 
of dining with friends, and they come here more or less dinnerless. 
Agten, in winter there are not the same inducements to spend the 
evening here. These practical reasons, arising out of the altered 
circumstances of the times in which we Hve, justify me in asking 
the Society to assent to this change. Wherever this change has 
been adopted in other London societies, it has been appreciated. 
I may mention that the British Astronomical Associatioil has 
adopted the early hour. I will therefore formally propose my 
motion to the meeting. Sir Erasmus Ommaney not being here, I 
must ask some Fellow to be good enough to second it. 

Mr, Knohel. What is your motion ? 

Mr, Chambers, " That henceforth for the period of one year 
the meetings of the Society be held at 4.30 p.m., and that Bye- 
law 44 be altered accordingly." 

Mr. Cibshing. In order that this motion may be properly dis- 
cussed I have great pleasure in seconding it. 

Mr. Knobel, I rise to a point of order. I asked Mr. Chambers 
the particulars of his motion, thinking that probably he would 
have seen fit to make some modification. As the motion stands 
at the present time, it is that the Fellows should alter the Bye- 
laws for a limited period — for one year. That is to say, that 
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after one year the Bye-kws should revert to their present 
position. That is a motion that is entirely out of order and 
cannot be put from the Chair. It is impossihle to iegisial« for tlie 
future. Besides this, the motion amounts praotically to the altera- 
tion of a Bye-law at the end of the year without any general 
meeting, I raise that point of order. Sir, for your decision ; but 
it seems to me that the resolution is out of order, and cannot f 
pat from the Obair. 

Mr. Preeman. I shall be glad to move an amendment. 

The Fresidmt. Mr. Knobel's objection is a sound one, ! 
there is considerable difficulty in altering a Bye-law for a time. 
I think the best thing to do will be to alter it permanently, but I 
do not think you can alter it temporarily. 

Mr. Freeman. I propose that we utrike out the words " for 
period of one year." As the President has remarked, a general 
meeting is always capable of reversing what a general meeting 
has decided. K a general meeting decides it is not adnsable to 
hold afternoon meetings, we can go back to our present condition. 
A Fellow who attends the meetings has the advantage of being 
able to question the authors of the papers, and certain Londoners 
wish to deprive country Pellows of this advantage entirely. [Cries 
of " No ! "] I found that the last time the question was discussed, 
the London Fellow was everybody and the country Fellow 
nobody. I cannot afford the expense of coming to these meetings 
regularly. It costs nie 25s. to come, and as a country clergyman 
1 cannot afford it ; but if we meet at 4,30 it will only coat me tos., 
and I may be able to aSord that. To come and hear the papers is 
much more instructive than reading any of the admirable reports 
we get. There are demonstrations on the blackboard which the 
reporters cannot take down, and which men coming here can 
appreciate, and these admirable photographs and illustrations 
cannot be repeatt^d in the ' Observatory.' This question was first 
started by Mr. Sydney Waters, and has been left to independent 
Fellows to bring forward since then. 

Mr. Stone. I vrill second the amendment. It appears to me 
simply to be a question of the country membei-s. We want to 
consult the greater convenience of the greater number of members. 
I do not think any quantity of argument would prove whether 
afternoon or the evening is more convenient, but if each member 
will vote straight for his own convenience, prohably we shall 
arrive at some decision. 

Mr. Common. There is one point that Mr. Chambers has left 
out. 

The President. Are you speaking to the amendment ? 

Mr. Common. No— to the general question ; but my speech 
will do equally well for the amenoMent. [Laughter.] The point I 
want to put before the Meeting is this — Mr, Chambers has brought 
forward some arguments for the alteration of the hour, which 
ought not to weigh with astronomers ; but he has omitted this 
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point, thafc on a fine night we lose the opportunity of making 
observations. 

Mr, Turner. I oppose the amendment for many reasons. 1 
agree with Mr. Freeman that there is a distinct advantage in 
attending the Meeting, and I do not think any of us dispute it ; 
but we have to ascertain which of two parties we shall favour. 
No doubt by adopting Mr. Chambers's motion we shall exclude a 
certain number of members from attending regularly who now 
attend, but, at the same time, we admit others who do not attend. 
The only question is which of these parties we shall favour. Now 
the form in which the original motion is cast is superior to that of 
the amendment, as it gives us the opportunity of making the ex- 
periment for a year, which 1 think would be extremely valuable. 

The President, We cannot alter a bye-law for a limited time. 

The Astronomer Royal, If the original motion is ruled out of 
order the amendment takes its place, and, therefore, we can speak 
on it. 

The President, The question is, shall these words be erased 
from the resolution or not ? 

The Astronomer Royal, If the original resolution is out of 
order, the amendment is out of place. 

Mr, Knohel, The rule is that the Fellows of the Society shall 
give permission for the amendment to be put. 

The Astronomer Royal, Would it not be better to put it ? 

Mr, Ranyard. I propose that the amendment; be not put, 
because, if it be put and carried, the question will be discussed at 
an afternoon meeting, and those who cannot attend an afternoon 
meeting will not be able to come, because our future meetings will 
be in the afternoon. 

Mr, Knohel, If the amendment is carried, we then have a sub- 
stantive motion before us. 

The President, The question is, shall the words " for the period 
of one year " be struck out of the motion ? 

The Astronomer Royal, 1 do not think you have to vote on that 
point yet, the question is whether this amendment is to take 
the place of the substantive motion. The substantive motion is 
out of order. What we want to have is something in its place to 
discuss. 

Mr, Mitchiner, I beg to submit that the Astronomer Eoyal is 
out of order. If the original resolution is out of order, you cannot 
put an amendment, except to put to the Meeting that the words 
be left out, but no amendment can be put to the resolution so 
lonoj as vou rule it is out of order. 

Mr. Chambers. I beg to withdraw the words you have ruled 
out of order. 

The President. Will the seconder agree to that ? 

[Leave was then given to withdraw the words " for the period 
of one year."] 

The President, Now we have this resolution without the limit* 
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Mr. Tiimei-. [ will speak to the original motion, the original 
motion w ithout these words in. I would usk yuu wlmlhi^r 1 should 
be in order in suggesting that a vote bo tuken uu ttie question in 
tho spirit of the original motion rather than, the Ittter of the 
present one. That is to say that I and a aecutider will pledge 
oarselves to raise this question at an annual niebting, where, I 
think, the business of the Society sliould be properly decided. 
Shall we be in order in giving that pledge before the vote ia taken ? 
because I consider that the vote on this occaeion, if it is dis- 
tinctly understood that the ciiange is more of an experimental 
nature than a final one, will be given in a very different spirit. 
If it is distinctly understood that the relntive advantages are to 
be balanced before the Society is committed aa a body to a certain 
toursB of procedure, the vote will be giveu in a much moi'e liberal 
spirit. I ask whether I shall be in order in muking the suggestion 
that, at the next Annual General Meeting but one, we pledge our- 
selves to raise this question agnin. 

Mi\ Common, I will undertake to second Mr. Turner's inoliou. 
Air, Kniibel. It is hnpoasible to give u pledge ot that surt. 
The proposer and seconder may not bo here to fidiil their pledges. 
The President. We tannot take it as a definite promise ; stiil 
it is one of those promises that are given iu guod faith amongst 
gentlemen, and we can quite underatnnd that Ihe question will bo 
revived at that time oue way or another. The resolution before 
the Meeting now is, " That henceforth the Meetings of this Society 
be held at 4.30 p.m., and that Bye-law 44 be altered accordingly." 
Mr. J. G. Petrie. 1 opposed this resolution on the last occasion 
that it was raised, and, though only a young member, I am inclined 
to oppose it again, f think it is a very dangerous thing to make 
any change iu the hour of meeting. I have had experience of 
changing the hour in similar leai'ned societies to obUge country 
members, and the experience has been that they have come up 
once or twice, but after that they have not come any more. The 
ftwiing of the country members is more a sentimental than a 
pnu'iical one, and the attendance at the meetings of learned soci- 
ties in London must always almost entirely depend ii|Kin London 
men. I do not say that in any unkind way to debar country 
members coming to London ; but if they are unable to eome they 
must be very well pleased to see the printed proceedings and 
content with the honour of belonging to the Society. Mr. Cham- 
bers mentioned the earlier hour which the British Astronomical 
Association has adopted ; but 1 believe that was done to a large 
extent to oblige the lady members. I would ask you, before you 
change the hour, to be certain that it will do good and that it will 
bring country members here. 

Me, Waters. As the proposer of this resolution on a former 
ocvusion, I should like to say, from inquiries I have made amongst 
the members of the Eoyn! Society, that their opinion is that a 
very distinct improvement in the attendance at that Society has 
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occurred since the change of their hour of meeting. Under those 
circumstances I imagine there is no reason why the same thing 
should not happen with us. Moreover, I think there are many 
of the older members of this Society whose presence we should be 
glad to have, but who very often are debarred from coming in the 
evening, whereas they might be more willing to come in the after- 
noon. I beg, therefore, to support the motion. 

Mr, Seward, As a town member I should like to appeal to the 
mover and seconder to alter the hour to 5 o'clock. I am engaged 
in the City, and could get here about a quarter past 5. I have 
my dinner about 6 o'clock, and I do not feel inclined to turn out 
at 8 o'clock. I will not move an amendment, but will vote for the 
resolution if 5 o'clock is substituted for 4.30 ; if not, I shall vote 
against the resolution. 

Mr, Knohel. Fellows will doubtless bear in mind the decision 
arrived at by the Council, and remember that the business can be 
properly conducted if this change is made ; but the business of 
the Council generally occupies about two hours, and if we had 
an ordinary meeting immediately following that, the officers of the 
Society would be engaged for 4^ hours without intermission. It 
is for you to consider whether that would be fair to them or 
whether it would be a tax upon them. I am sure the officers of 
the Society \^dll be found quite equal to any amount of extra 
strain that the Fellows may decide to put upon them. The argu- 
ments which have been brought forward in support of the motion 
seem to me singularly few and weak. Mr. Chambers's principal 
argument is the change in the dinner hour that has taken place 
since 1820. This change was probably due to the fact that when 
the Society was founded men went to business very much earlier 
and finished business very much earlier than they do now. This 
Society is almost a society of amateurs, and in making arrange- 
ments we have to consider how far they will fit in with the 
customs of amateurs. The majority of amateurs are in business ; 
and it is hardly to be supposed that they can attend meetings at 
4.30 without interfering with their business occupation. There is 
another thing which has been of very great value to Fellows which, 
if this motion is carried, will be knocked on the head entirely, and 
that is the very pleasant half or three-quarters of an hour which we 
spend after the Meeting. That feature of our Society which has 
been the means of doing so much for the prosperity of Astronomy 
will be banished altogether. These are some considerations which 
lead me to hope that the resolution will not be passed. 

Mr. Ranyard. I like to go when I can to the Physical Society, 
but my business engagements make it often impossible, and if our 
meetings were continued on the second Friday in the month we 
should clash with the Physical Society, and there are a great many 
members of that Society who are members of the B;. A. S. 

Mr, Mitchiner, Between 4.30 and 5 o'clock is merely a techni- 
cal distinction of little moment. Above the convenience of the 
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profesBional or amateur aatronomers or even of the Cound], we 
must conaiderthaintereBtaof the E, A. 8., andMr. ChamberB failed 
to convince me of any necessity in the interests of the Society for 
making the change. It is esaentialiy an experimenl', and as such 
I think it would prove a mistake. The Koyal Society stands pre- 
eminently by itaelf . I apprehend that the same ohjection which 
would appertain to the Geographical or to the B. A. 8. would not 
appertain to the Soyal Society. 

The Astronomer Moml. To remove any doubt aa to whether 
those who favour a cliange of hour would like 4.30 or 5 o'clock, 
I move that the words '* 5 o'clock '' be substituted in Mr. Cham- 
bers's resolution for "4.30." I have no very strong feeling on the 
matter, but it strikes me there is one point which ought to be 
borne in mind. Mr. Knobel has enlarged upon the loss we should 
snatain in that social gathering which takes place after the meet- 
ing. In the case of the Royal Society they have a gaf hering before 
the meeting, and have afternoon tea, and I think that is much 
more in accordance with modern social habits than afternoon tea 
ftt 10 o'clock at night. 

Mr. Knobel. How wiU that fall in with the Council Meeting? 
The Astroiiomer Royal. The meetings of the Royal Society are 
at 4.30. As a matter of fact, the Royal Society found it possible 
to hold the Council Meetings and get through a great deal more 
business than our Council does before 4 o'clock, and they are able 
to enjoy social intercourse and diacuss acientiSc qnestions in the 
half-hour then available, and a great deal of important work is done 
in the progress of science generally. I merely put that before 
the i'eilows of this Society as an example, I do not wish to 
say the R. A. S. is exactly the same as the Royal Society, but I 
think Follows are drawn from substantially the same class. There 
are a great many professional business men in the Royal Society 
who cannot come early in the afternoon, but they come to these 
meetinga, I merely move the alteration from 4.30 to 5 o'clock, 
in order that Members may express their sense upon the matter in 
ease the hour is changed. 

Prof. A. S. Herscliel. I think Fellows should remember the 
original aim of the motion, which was to afford facility to Members 
living in the country of attending the meetings of the Society. If 
we are going to adopt the afternoon hour, let it be done fully. 
Mr, Leeky seconded the alteration from 4.30 to 5 p.m. 
Mr. Chamberg. I will withdraw 4.30, because I think 5 o'clock 
will recoDcile those who wish for an earlier hour. 

Mr. Bryant. Aa one to whom the change of hour would make 
very little difference, I would ask would it not be preferable, as on 
a previous occasion, to send reply postcards or single postcards 
to aD members asking their opinions ? 

The President. Notice has been given that the proposition 
would be made to-night, and we could not do anything more if we 
sent 50 postcards to each member. 
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Mr. UnjanL But it would allow each Member to vote by post. 

Thm h'tsitlent. We tried it, and the result was endless con- 
fuMion. 1 think the simplest way will be to put the Astrononier 
KoyarH motion. 

il/r. lioherU* I know one gentleman who does not attend these 
Mootihf^M l>ecauflo he could not get home at night If you made it 
4«,30 he could, but if it was made 5 o'clock he could not. 

riio voting thou took place, when the President declared that 
19 vt>t.od for S o'clock, and 17 for 4.30. The resolution was then 
auH'ndod to 5 o'clock. 

Mi\ KiwM, The llt^solution is now : — That henceforth the 
Mt^otiniu^M of the Society bo held at 5 o'clock p.m., and that Bye-law 
44 ho altortul ucH)rdingly." 

On a \oio bt'ing tnkcn, 18 voted for and 30 against, and tho 
KAsolution was h)8K 

Mi\ Vlutmho'n. Now 1 bi»g to demand a poll of the entire body 
of Kolh>WM, and I would 8uggi>st that that shouhl be taken by 
jKWtmnL I (Vio8 of ** No !** J L would point out that it is the universal 
uwv of oYory roun>any and Society in England, that whenever a 
motion i* n^J^vt^nl or carried on a show of hands, the minority are, 
l\v tho iHnumon law of England, ontitliHl to demand a poll. 

Th^ hys^xf^Ht Xot in thivS SiK*iety ; there is nothing in our 
?^t«tutxv^ or byi*-law8 for such a ci>urse« Can you show me a pre- 
\>Hloni ? 

.W#\ ChiAmf^r^s Tht* wnunon law of England, 700 years old. 

Vk^ i^y^nfcHU Thon* is no prtixnieut iu the Minutes of 

,Vt\ A\fHMiriM^ Tht> hw-bws an? difvvtJr to the contrarv. It is 
^ul tho Im^iiw* sl^;»ll n^^ Iv allortM ex<»pt by vote of General 
\Uvlinijv or N|^o\^fcU Mtvliujj duly c;iIKh1. A ctnvstss by postcard 
wxMiKl lu^l W 5M^ »lto4nfttiou of bvi^Uw* in tho way proposed by the 

.W\ rW^vi^Xci^ Tlh^u if I *m tWwnrv\l the opportUDity of 
K>9^W^iu^ tW \x^^^:*5 of I ho 5vN> ;iK^M\t WHovr^ I >bill take the 
opjs^^^ouilj ^M' tx^x^vwiiwT thi^ii qiK>sl;vKi M the Auniul Meeting 

mVv^vrwury w^xu 

t^vo WV^vx «^ I'^UxluUtv^ \xv«x^ w>$VY?*?c tor o^le^cdoa » Fellows 

(.:, ,^\ Xs ,SVWv<^ Swnv^vvxsr vNf t>x^ l\>s7 i>Sc^. 7; Laui^dk^iniie 
K>\ikU |Vi,KV^?:\v XU\H*^W*>'^ v}'*^^^^''*^^ ^^ ^ J'- ^rtisai: ^m 

M^^K^f^K'^ v,^, l\;t>«iiv^ l"^xx>f>Jr^5x ^v<v>fv*is^^i H lier, T. E. 
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ri-a.^ following were balloted for and duly elected Associates : — 



wis Boss, Dudley Observatory, Albany, N.Y., U.S.A.; A, 
Cor^m^ji^ Paris ; G. Souillart, Lille. 

T* l~fce following papers were announced : — 

-£^^« C. Russell, " Note on Celestial Photographs taken at Sydney 
Observatory." 

^. F. Denning. " New Nebulae." 
'• W. Bumham. " Note on Hind's Variable Nebula in Taurus." 
- Marth. "Ephemerides of the Satellites of Saturn, 1890-9 r." 
^ R. Hind. " Elements and Ephemeris of Comet Zona." 
■<?v. A. L. Gortie. "Observations of Spectra of Sun-spots 
in "^Vie Region B to Dat Stonyhurst College Observatory, 1882-89.'' 



MEETINQ OF THE ASTRONOMICAL SOCIETY 

OF THE PACIFIC. 

November 29, 1890. 

Meeting was held at 232 Sutter Street, in the Young Men's 
Ctxir-istian Association Hall, the President, E. S. H olden, in the 
Clxia^ir. 

'he Minut(^s of the last meeting were approved, 
it the meeting of the Directors 32 new members were elected ; 
th^ total membership of the Society is now 312. 

The following papers were presented to the meeting : — 
(a) " The Law of the Solar Corona." By Prof. Frank H. 
Bigelow, of the Nautical Almanac Office, Washington, D.C. 

C^) " Coronal Extension." By C. M. Charroppin, S. J., University 
oP St. Louis, Missouri. 

(c) "Observations and Drawings of Saturn, 1879 to 1889. By 
Prof. Edward S. Hoi den. Lick Observatory, 

<^d) "The Observatory of Swarthmore College." By Miss S. J. 
G\mningham, Director. 

(«) " The Kenwood Physical Observatory (Chicago)." By George 
E- Hale, Director. 

(/) " Work at the Lick Observatory, 1888 to 1890." By Prof, 
^-^ward S. Holden, Director. 

0/) " An account of an experiment made to determine whether 
^^vitation Force varies with the Temperature." By A. E. 
'^^Jiiielly, of Orange, N. J. 

ih) Index Map of the Moon. By Prof. C. A. Young. 
l*rof.*Holden gave a popular account of the work of the Lick 
^bservatory since the time the Observatory has been in the hands 
^* the astronomers. 

The meeting then adjourned. 

It is hoped that the next meeting (January 31st) can be held in 
j^^ Society's rooms in the Californian Academy of Sciences' new 
"^ding, which is not yet completed. 

CUABLES BUECKHALTEB, SeCrttariJ. 
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MEETIlSra OF THE LIVEEPOOL ASTEONOMICAL 

SOCIETY. 

The third ordinary Meeting was held on Monday, Decemher i, at 
half-past seven o'clock, in the Royal Institution, Colquitt Street. 

W. B. Hutchinson, Esq., F.R.A.S., President, in the Chair. 

The Eev. Fred. F. Grensted, M.A., gave a lecture on the 
. " Airless and "Waterless Condition of the Moon," the first part of 
which was illustrated by numerous views exhibited by means of 
the lime-light. Equal areas of the Earth's and Moon's surface 
were shown by means of photographs, of Nasmyth's plaster cast 
of the lunar surface, and of an albo-relievo map of Asia, and the 
striking contrast of their configurations dwelt upon. 

The Earth's surface being diversified by mountain-ranges and 
river-systems of drainage, exhibiting clearly marks of denudation 
and fluviatile erosion, the mountain upheavals having been subject 
to great lateral pressure. On the Moon's surface, on the other 
hand, there is nothing that really corresponds to our mountain- 
ranges or river-systems, and no evidence of denudation or fluviatile 
erosion, the most superficial investigation of the lunar surface 
pointing in the direction of an airless and w^aterless condition of 
the Moon throughout its entire history. 

The whole problem finds its solution in the difference of size 
which regulates the rate of cooling, and hence determines chemical 
differentiation — the greater mass retaining free oxygen, which 
forms our water and air, the lesser mass using it all up in oxidizing 
its crust, none being left free, and therefore no water and no air 
can be formed, assuming the Moon to be composed of similar 
material and on precisely the same type as the Earth. The Moon 
being, roughly speaking, only one fourth of the Earth's diameter 
and one eightieth of its bulk, it has therefore a very much greater 
surface in proportion to its bulk, and would cool with a corre- 
sponding degree of quickness. By the pressure of gravitation a 
pure metallic nucleus would be formed, possibly of iron, when the 
heat was still above the point of dissociation — that is, the point 
admitting of oxidation ; hence the nucleus would be pure metal 
with an outer crust of oxidized metal, which would form as the 
temperature was reduced and prevent any further oxidation in- 
wards. The Earth having a density of 5| that of water, while its 
surface rocks only equal about 2^, must have a nucleus of 7 J times 
the density of water, and have an oxidized crust one sixth of its 
radius in depth ; while the Moon having a density of 3I times that 
of water must be oxidized to nearly a half of its radius from the 
surface and so have used up all its oxygen, so that none is left free 
to form water or air. 

A vote of thanks having been accorded to the lecturer, an inter- 
esting discussion followed. 

Several papers were taken as read and will appear in the third 
number of the Journal. 
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-MEETING OP THE EOYAL METEOEOLOQICAL 

SOCIETY. 

At -fclae meeting held on Dec. 17, Mr. E. H. Scott read a paper 
on s^n interesting lightning-stroke which struck a house near 
Bailor-glass, Co. Mayo, on Jan. 5. Considerable damage was done 
to fcTue house, and a remarkable fate overtook a basket of eggs — 
the shells were shattered so that they fell off when boiled, leaving 
the inner membrane sound; those at the bottom of the basket 
wetr^ « flattened but not broken." 

^^^T. A. Brewin related the damage done to his house at 
Twicikenbam by lightning on Sept. 23. 

CJ^fcptain Hepworth, in a paper on the Wind Systems between 
thft Oape and Australia, recommended mariners to run down their 
lon^-itude between parallels 41 and 42 in winter, and 45 and 46 
in s lammer. Mr. Mawley stated that the first months of the year 
coiilci not have been more favourable for vegetation, but that July 
and August were quite the reverse. Dr. Doberck sent a paper 
on "fclie climate of Hongkong, 1884-88. 



Bright-Line Stars of the Wolf -Ray et Type ^. 

Th::ree varieties of gaseous stars can be at once distinguished. 
Thie first kind are white in colour, and show the bright lines of 
hydxcgen and helium independently of variations in their total 
liglit. The classical examples are y Cassiopeiae and /3 LyraB ; but 
^ I^ersei, P Cygni, Pleione, I and fi Centauri, iz Aquarii, and some 
otliers, belong most likely to the same category. The second in- 
cludes red stars with banded spectra, extensively variable after the 
^asHion of Mira and x Cygni, and developing bright lines concoiui- 
t^ntly with their luminous accessions. These lines, although 
identical, broadly speaking, with those of the previous \*arioty, 
oi'igiuate possibly under different conditions. It is at least ci»rl<un 
t^at the vivid emissions of Mira have their seat close to tho photo- 
sphere ; the stopping-out of the hydrogen H by the widonou dark 
^ of calcium, teste the Harvard photographs, being so far conclu- 
sive as to the order of atmospheric stratification that tlie omitting 
'hydrogen must lie hehw the absorbing calcium, liut thoi*o is no 
P^oof tiiat an analogous state of things prevails in such stars as 
pleione and y Cassiopeiae. Eather the reverse seoins indicated by 
*?® Superposition of thin bright hydrogen lines upon bands both 
^use and obscure. 

^ Iix bright-line spectra of the third variety, on the other hand, 
^^^ rays of hydrogen and helium occur, either 8ubordinati»ly or 

.* "On Wolf and Rayet*8 Bright-Line Stars in Cygnus." By William ITug^ 
gj^ I).O.L., LL.D., RkS., and Mrs. Hirggins. Paper read before the Roj-al 
°^©ty, December ir, 1890. 
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not ttt all. Tho eliemical Bigniflcniiee of their mniti features if 
known. Among tlicse a yellow and a blue baud are eapeeinlly con- 
Bpicuous ; and it. was to test a »upiW8ed coincidence of the latter 
with the hydro™ rbon band beginning at \ 474, that the investi- 
pition, oE which the i-esulis are now before uh, was undertaken by 
l)p. and Mrs. llngGins. 

I'Vmr fitaiti, all in the constellation Cygnus, 1 

B.D. +35° No. 4001 

B.U. +35" No. 4013 

B.D. +36= No. 395Q 

B.I). +37'^ No. 3821 

Tho first three are the original tnemherH of thi 

by MM. Wolf and liayet in 1867 ; the peeuhai 

fourth was dett'cted ijy Dr. Onpelund in 1884, ai 

[ihotogntphiL-fllly by I'rofeasor Htkering. I 



"as undertaken by ^^^| 
lere examined by«^H 

> class, discovered ^^| 

' cliaraeter'of the ^^H 

id two years later " 
t is of seventh. 
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pntrA Kid) tlic a^acent 

No. 4013 of 8-5, Iho two others nro of eighth magnitude. The • 
KjKvtra of itll aiv intiuiutolr relaled, yt>t pi-esent important differ- 
ences, iwordiHl indtt'd uitli his unfailing aw 11 racy by Dr. Vt^l 

" Hif iinSiii^M^ «liNi)iiiei' ill N™. I nnil 6 ffjirr-*!!! iii«bJli(j to delermiDe 
with cprlniiilv l.nw (hr Uip \ig\\\ i-oiJil hf tniml ■junu./j in (W f]*plnim. 
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at \^ ienna in 1883, but only now clearly defined and satisfactorily 
dis(?iJ.ssed. 

rbe blue band owns, in none of the four stars, thd character of 

a trvae fluting ; its aspect is rather that of a congeries of very close 

brigVit lines ; and it varies strangely in position. The two very 

(liff'<3xent situations relative to the blue band of the Bunsen flame, 

assigned to it by Vogel, are shown in Nos. 2 and 3 of the 

at-coxnpanying diagram ; they were substantially confirmed by the 

me«i.sures at Tulse Hill, represented in Nos. 4, 5, and 6. Tlie 

bril 1 i ant band proved notably more refrangible in the stars 4013 

ancL 3956 than in 4001, and with the latter the more luminous 

object No. 3821, now for the first time submitted to detailed 

8pe<3troscopic scrutiny, was in this respect found to range (see 

Diagram, No. 7). 

Tlie difference is abrupt and evidently systematic ; but a con- 
necting link is perhaps afforded by the singularly wide band in 
Arg^. Oeltzen 17681, which, according to Vogel, covers the places 
of both the narrower bands in the other allied specimens, rising 
to a maximum, as our authors remark, at X 466, where the two 
qualities of radiance overlap. Nor is the normal obliteration of 
©•le of the alternative bands absolutely complete. In stars fully 
developing the more refrangible, traces of the less refrangible 
niember of the pair were perceived by Dr. and Mrs. Hu^jgins, and 
^^ versd, leaving no doubt of their close genetic relationship. 
" W the two bright groups," they add, " differing in position by 
about X "0040, belong to different substances, or, less probably 
P^^^haps, to different molecular conditions of the same substance, 
it is conceivable that one or other substance, or molecular state, 
"^*J predominate and appear brilliant, according to certain unknown 
^^^ditions which prevail in the stars' atmospheres.'*' The suspicion 
">rther expressed (though with much reserve) that the two bright 
blue groupings may prove relatively variable, challenges careful 
'^tutnj verification. 

A glance at the diagram is almost sufficient to dispel the idea 
tliat carbon can have any share in producing them. Their struc- 
^ure and place in the spectrum are alike inconsistent with the 
'beatification. In stars 4013 and 3956 "the great body of bright 
J?*duilion " (it is remarked in the paper under discussion) " lies 
'^ beyond the ordinary visible limit of the blue carbon-band, and 
^^ eonnection whatever with carbon is even suggested." The 
*"fful^eiice in the companion-objects, however, culminating in 
"'^iancy between X 468 and X 469, considerably overlaps the 
?^''VK)n-band ; and it happens that, under certain electrical con- 
^* ions, the brightest part of the latter is shifted from the first 
^**titig at X 474 to the third fluting at X 470, so that the two 
IfJ^xinia, such conditions being present, do not lie very iar apart. 
^^^ ihat the disagreement is real and irroconcilabh^ becomes 
V^*^ i^^os from the considemtion that the first line in th(i carbon- 
retains, even when shorn of its primary imi)ortance, six- 
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sevenths, and the second line eleven-twelfths, the enhanced 
intensity of the third line; while the stars show absolutely no 
. luminosity corresponding to the first, and, if any, a bare trace 
corresponding to the second of these still conspicuous flutings. 
Moreover, the blue carbon-band is one of a series, and the blue 
star-band stands alone. Not only are the green and yellow 
flutings, inseparably associated with the blue in the hydro-carbon- 
spectrum, absent from the stellar spectra, but those occurring in 
the indigo near X 431 and \ 438 make no appearance in Harvard 
photographs of Wolf-Bayet 4001, distinctly imprinted with the 
hydrogen line at \ 434. 

The representation in them of the hydrogen-set, up to and inclu- 
ding Dr. Muggins's a, is complete; yet F, although seen as "tolerably 
bright" by Vogel in 1883, remained imperceptible to our English 
observers in 1890. It showed, nevertheless, brilliantly in No. 3821, 
the spectrum of which was not previously known to include it ; 
the suspicion being hence raised of its variability in these two, as 
in other noted instances. Hydrogen - emissions have been 
recorded in one other star of the Wolf-Eayet type — Lalande 
1 341 2; and all three have in common the additional feature of 
displaying their characteristic blue band in tlie less refrangible of 
its two forms. An opposite correspondence is perhaps indicated 
by the absence of bright hydrogen from stars in which the blue 
band is placed higher up . at \ 464. Besides the pair in Cygnus, 
Nos. 4013 and 3956, y Argus, Stone 9168 in Scorpio, and two faint ' 
analogous objects in Argo and Centaur, appear to combine these two 
peculiarities. In one of them (No. 4013) Dr. and Mrs. Huggins were 
just able to perceive, near the place of Dg, a faint bright line, 
which will most likely prove identical with the feeblest and least 
refrangible of those shining in y Argus. Its precise position has 
yet to be determined ; but a genuine coincidtmce with D3 may be 
anticipated from the analogy of nebulse, in the spectra of which 
that enigmatical ray has now an established place. It is true that 
the presence of helium without hydrogen might seem anomalous ; 
yet the appearance of bright sodium (which may be called the 
alternative supposition) would be, in a sidereal object, unpre- 
cedented. Sodium was, at any rate, proved by direct comparison 
at Tulse Hill not to be responsible for a bright line in star 
No. 4013 falling near the green sodium-pair at \ 5687 and \ 5681. 
With high dispersion it was resolved into " a short group about 
X 0024 in length of several bright lines close together, and nearly 
equally bright," crossed by the sodium-pair " at about one-fouith 
to one-third of the length of the group from its more refrangible 

end." 

These recent observations of the Wolf-Eayet stars disprove, it 
may safely be said, conclusively, the admixture of hydro-carbon 
radiations with the remaining elements of their light; on other 
points, neither time nor optical means were available to render 
them exhaustive. We learn, however, that the objects in question 
possess "a fairly luminous continuous spectrum, which can be 
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traced past: (he blue band into the violet, apparently as far as 
lie eye could be eicpected to follow it." Although in many jjarts 
irregularly encroached upon by absorptive, as well as intensified 
by emissive effects, it showed, to the most attentive scrutiny, 
no brightening at the place of the chief nebular ray. Enquiries 
as to the existence of nebulosity about the stars hud siniifarty a 
negative upshot. To the practised eyes of Messrs. Bumbam and 
Barxasrd, of the Lick Observatory, they seemed quite sharp; and 
lhei:r strong impressions upon a plate exposed by Mr. Eoberts for 
tno lioura on November ist, i8go, are punJy stellar. 

riattP nearest analogues are found, neverfheless, in planetary 

Debulse, The closeness of the affinity has been rendered especially 

manifeBt through photographs taken in connection with the I>raper 

Memorial, of fifteen nebular, and all the stellar spectra of this 

%po hitherto discovered. No details of the comparison have yet 

^r^ published ; but it is stated that most of the nebulie show the 

atelier blue band, and in the approximate position (\ 470) corre- 

^ocJing, it can be inferred, to their simultaneous display of 

bydrogen-lines. This peculiar quality of radiation, first observed 

HI the annular nebula. Gen. Cat. 4964, by Dr. Huggins in 1864*, 

*as measured, a few years later, as of A 469 with the Harvard 

College fifteen-inch refractor t, and came out, from Dr. Copeland's 

determination of it in 1880, in the Stephen- Webb Cygnus 

pllttetory, as of X 469-4 %. The alternative, more refrangible band 

•t X 464 has so far not been identified in any nebula. Hence 

wi* three stars Lalande 13412, Cygnua Nos. 4001 and 3821 

would appear, by the possibly connected circurastaneee of the low 

position of the typical blue efiulgence, and the emergence in their 

'j*ctra of hydrogen-linea, to approach planetary nebulfe more 

olottelj than the other members of their species. The suggested 

™fei-enee that the order of resemblance traces a line of slow 

°"S*'tttion, is a plausible conjeeture ; but it is nothing more. Tacts 

0' distribution have to be laken into account. About twenty- 

f^y^Ti stars of the Wolf-Kayet type are now known § ; they all, 

"Jhout exception, oc'cur in the densest parts of the Milky Way. 

™*i planetary nehulo), although strongly preferring, are not limited 

w the Milky Way. JJor do these share the remarkable clustering 

l*Qdency of the stare, of which scTen are collected in a space of 

"^(it three degrees square in Cygnua, five are similarly grouped in 

*^'T>io, and two close pwra are met with respectively near y and 

*'*'" 1 Arglis. This associative tendency sets them in a measure 

*P*rt, and throws them, as it were, off the fine of the great high- 

^^y of development. A. M. Cjlebke. 

. Phil, Trans. *oI. i-liv, p. 440, 

• . ,*r'''"'l ' A"l"d>.' vol, liii. pt, i. pji. 72, Si. 
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Ihia o^Hirtunity of rect.ifyiag iLe EFroneuua clmiaifl cation o\ 
■*<*! ■« of the Wolf-Haj-Bt tjpB in the Appendix to my rerentlj-publJehed 
lil." ' ^'" SjHtHm oF the Stnra' All that ie jet iuowo of the s[ieclrum ol 
" «»r it that it iuclutles (i bright F, pholoarnphiciillj rvgislcrid ul Chtsita. 
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The Extemion of the Corona, and the Details of Us ^^k 
Structure. ^H 

The t'ommunit'tttions of Professer Holden in the Publioationa ^i 
the A. S. P., May 1890, and of Mr. Taylor in tlio ' Observatorj,' 
Nov. 1890, on the Eclipse operations of tbia year, involve ma- 
terial of Buch importance that I venture to make u few snggestions 
bearing upon the subject. Two questions sLould be kept well 
separated, and these are the photographing the corona in its 
extension and in its structuml detail respectively. 

The visible extension depends upon the actinic brightness of the 
corona at the time of the eclipse, and upon the atmospheric con- 
ditions of the station, both of n'hich are variable terms ; but in no 
cnae can it be assumed that we ever do see the whole exteat of it, 
if we keep in mind the coronal forces as distinct from certain 
Bubstunces that trace the paths of these lines of force. Therefore 
thi^ effort to secure photographs of its actinic waves of light 
has a definite hmitation, that of the faintness of the skylight itself. 
Nor does it seem nearly so important to draw the boundary of 
this nebulous mass, as to photograph the course of the rays through- 
out it. Fortunately the e.xperieoce of the recent eclipses shows 
that great extension is also compatible with admirable details of 
the rays. 

Mr. Taylor's statement laeks definiteness in one vital point, for 
he uses as his central thought the expression, " if the density of 
the negative is any measure of the brightness of the light." It is 
admitted that lights of different intensities, exposed for the same 
timi*. produce a proportional density-deposit, but if the times of 
exposnre vary, the density fo'lows some logarithmic law, the modu- 
lus depfndiiig upon the sensitiveness ot the plate, in which the pro- 
ixirtiimiility, hotain^ ni>prosimatfly for 8 or 10 seconds, falls off later, 
eo thiit till- fivinter light relatively gains upon the other, the effect iu 
n-gnrd to Ihi' corona being, that after a certain short exposure the 
»krli);ht begins to fill up the details that ought to be unaffected, 
ft-liili' the rxientioi* will not differ much in either case. The rela- 
tion betwoen th« variation of density, due to the exposure of the 
(wme liirht for different times, lies at the foundation of our further 
pn^rttis, and should be solved before the next eelipse. 

Ilavini: usfd tlw conmns of the Lick Obseiratory in my 
tiii'ttsuremeuts, and sivii the trumpel-shajied equatorial extensions 
in tlit> phnlf^^plis of Jtuui&n' 1, 18S9, I venture to think that 
lh» nrat sUrp is to allempi 10 itccount for ihfm, .>uid the following 
•MS!t»tioo is oJfervd for what it is worth. It $««ms to be pretty 
vkw that iht^ so-ralted polv rays vt lhet-«wiina mark out the lines 
of foivfonituMthi^fimm thi' Sun. ivferred toapott^ntial distributed 
u K aonftt tuurmotue. If this ia so, thtrv shi.Hild he in space the 
Mnwpowliuj; iiquipotwitud aurfttre«. that is \hv surfaces upon 
wbit^ ttw in»t<»riw trwisnorttN) «lonji the airfatm-ltnee will tend to 
iMX-u?)Htat». IV" ■ rather e«vfnl compftrisnii .if these trumpet- 
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shapod lines with a diagram of equipotential surfaces of this kind, 
the ^resemblance seems to be striking, and anj discrepancies may 
be accounted for by the projection of the saucer-shaped surface of 
revol\ition which the rotation of the equipotential lines would 
prodtice. The faintness of these curves was such as to preclude 
micrometric measures, and certainly to make fair prints of them 
woixl <1 be very difficult, so that it will be interesting to obtain this 
detaJ.1 once more at some future eclipse. If this view is correct, 
thes^ lines are not to be regarded as streamers from the equatorial 
regions, but as projected surfaces generated from the potential 

T^laere is, however, another way of looking at the general sub- 
ject. Induced by certain motives, it has become customary to 
assmme that extreme sensitiveness of the photographic plates is 
most: desirable in an eclipse equipment. For some portions of the 
wotrk: it must be so, but a doubt may be raised against it when 
deta.il is to be aimed at. On the rapid plates, the skylight certainly 
^as -fche most of an injurious e^ect in blurring the details, if the 
exposure lis prolonged ; and furthermore the granulation of the 
gelaliine dry film surface is a serious obstacle to any magnification, 
eitbkor under the microscope or by enlargement. Long exposures 
on rapid plates, for example in a camera or mirror of say a/f=-jij, 
witVi American Seed No. 27, beyond 4 or 5 seconds are a mistake. 
Alrnost nothing can be gained in the extension, and the details 
are sure to suffer. Some of the old collodion preparations, on the 
otheT hand, resist this encroachment on the internal structure in 
a w-onderful manner, and by relatively lengthening the exposure 
the same extension can be secured as when using gelatine plates. 
M^uch might be said to enforce this particular suggestion. 

One more point should be carefully considered, and that is the size 
ot the picture, or, as it may be specified, the diameter of the disk 
oi the Moon on the plate. For any accurate measures a Moon one- 
third of an inch is very small, as the magnification should always 
D^ under the microscope of the dividing engine, and a picture of 
one and one-fourth inches, such as Prof. Pickering took at Willows, 
^^•> Jan. I, 1889, is much more valuable. The mounting of afield 
apparatus of the required 12 to 15 feet focal length is quoted as 
an obstacle, but labour and money are not the real questions. 
Our American apparatus at Cape Ledo showed conclusively, so far 
** the mounting goes, that the triangle principle combined vnth 
J piston of flowing sand is perfectly available for operating even a 
JU^rty-foot telescope, at a very slight expense of skill and money, 
^he same plan is amply capable of setting up a telescope of any 
^ze from 10 to 25 feet focus with all the accuracy needed, and 
probably with as great precision of diurnal motion as any clock- 
work that would be carried to the station. A description of this 
apparatus is given in the government report of our expedition. 

Unless I am greatly deceived by the results recent^^ly obtained in 
^) study of the coronal streamers, it is the details of the structure 

e2 
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of the corona that will be of permanent value in researches relat* 
ing to solar physics, and therefore at least a portion of the pre- 
parations for another eclipse should be turned in this direction. 

Fbajstk H. Bigelow. 



Motions of the Nebulae in the Line of Sight. 

In his very kind review of my paper on the Motions of the 
Planetary Nebulae in the Line of Sight, Mr. Maunder calls atten^ 
tion to a number of doubtful but important points, of which recent 
observations enable me to speak with greater certainty now than 
at the time my paper was printed. In October the Orion Nebula 
again came within reach of the great telescope, and I was delighted 
to find that the third line in the third spectrum of the grating was 
sufficiently bright for an accurate comparison with terrestrial 
hydrogen, the probable error of one evening's determination of the 
displacement of the line being only i J miles per second. Such a 
determination consisted of i6 measures, and it was found unprofit- 
able to reduce the probable error by making a greater number than 
this, as for some reason (by no means peculiar to this class of 
observations) the results obtained on different nights differed by 
more than the probable error of a single night's comparison. These 
observations not only give the motion of the Orion nebula by the 
displacement of a known spectral line, but they fix the true position 
of the brightest hne, and hence allow definite numerical values to 
be assigned to the motions of the nebulae included in mj former 
list. Writing at such a distance from Mt. Hamilton, it is not 
possible for me to give the exact values obtained, nor, indeed, is it 
desirable, as the observations are not yet completed ; but I may 
state provisionally that the comparisons indicated a motion of re- 
cession of the nebula from the Sun of some 9 or lo miles a second. 
The motion deduced from a comparison of the position of the 
brightest line with the mean position assumed in my paper on the 
motions of the nebulae agrees fairly with this, the difference being 
in the direction which would result from the situation of the ten 
nebulae of my list in that quarter of the heavens towards which 
the solar system is known to be moving. In other words, the true 
position of the line, as determined by observations of the Orion 
nebula, is lower in the spectrum than the position previously 
assumed, a fact which Mr. Maunder pointed out as probable. The 
difference of position ia not sufficiently great, however, to bring 
the line into coincidence with the terminal line of the magnesium 
fiuting at \ 5006*4, the interval between the lines, small as it is, 
being much greater than the error of observation. 

The motion of recession of the Orion nebula indicated by 
these observations may be wholly due to . the drift of the solar 
system itself. The supposition seems plausible (although certainly 
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no g'ood reason could be g^iveD for it) that a nebula of Biich vast 
eilent and extreme tenuity is more liiely to be at rest relatively to 
tbe stars of our system tliau smull, compact nebular masses or 
individual stars. If this is true the Orion nebula gives us a fixed 
refe*-euee point, and the motion at the solar system deduced from 
me*s»irement oE the disjjlaeenient of lines in ita spectrum is that 
wLi<;la would be determined from observations of all the stars we 
^. the direction of the motion being Hasumed as known. Allow- 
ing for the distance of the nebula from the point opposite the 
rert^x of the Son's motion, the motion of the solar system given 
°J "the observations of the nebula of Orion agrees remarkably with 
the -value assumed by Miss Gierke in her admirable essay on 
Big€;l and the Great Nebnla in the October number of the 
' Observatory.' 

^^r. Mannder'a remarks on the greater brigbttiesa of images in 
sffla.1.3 telescopes of relatively large aperture, as compared with the 
36-iiich refractor, are undoubtedly true, but the visibility of very 
s^oaJl and faint objects depends so much on the siise of tbe image 
('■*., in the case of a spectral line, iia length), as well as on its 
int»-ing](. briUiancy, that the 36-inch refractor gives a distinct ad- 
•mtage in the observation of the planetary nebulffl. Thus, the 
In'^insic brilliancy of the third line in the spectrum of 2 6 is 
S''^».ter than that of the same line in the spectrum of the nebula 
"' Orion, but in the case of 26 the comparisons with H/3 were 
wueh the more difficult. The spectrum of the Orion nebula, how- 
evai-^ would be more easily observed in a small telescope with the 
"sual ratio of aperture to focal length. 

Tfce brightness of the nebular lines in the third and fourth 
'P^ctra of such a grating as I have n.wd is quite surprising ; and 
Wtlieugh I have not actually made the experinoent, it seems to loe 
pf^^bable that the grating may give a brighter spectrum than a 
*^ia of piTsras having an equal dispersive power. The other 
MVantages of a grating, such as lightness, ease of adjustment, 
™^-« are too obvious to require mention. 

I^. Huggins has pointed out that my rather small value of the 
''^■Vo-length of the magnesium fluting (\ 5006-36) used for com- 
r^Hson with the brightest nebular line is probably due to the fact 
*™fe jny observations refer to the centre of the terminal line, while 
*"^ meaaures of Watts and others (which give X= 5006-5) refer to 
'!• less refrangible edge. Jajhes E. Keeleb. 

WwAington. D.C.. Dec. 11, 1890. 
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communication * to the Vifnna Academy of July last 
Ut. Koletachek has returned to the consideration of those cou- 

* I^obcr Am oclieinbaron ZuBammenliang der hellcicentriBcheli FeriheUiiiige 
IWl der Pi.rilj(i|iei'. der Kiiiiit-W[i. 
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ditions wlricli iiitirease or diminish the chances of cometary 
discovery, by discussing the connection between the heliocentric 
longitude ot* the perihelia of comets and the heliocentric Ion* 
gitude of the Earth at the time that the comets pass through 
their respective perihelia. This is a problem that he has pre- 
viously treated in some detail in his paper on the direction 
of the major axes of cometary orbits ; but two causes have con- 
tributed to destroy the accuracy of the conclusions to which that 
discussion led. One is that the solar longitudes were grouped 
roughly in periods of calendar months, and therefore each group 
did not contain an equal arc of longitude. The second is that the 
longitudes of the cometary perihelia were referred to the common 
equinox of 1850, and therefore the effect of precession in the case 
of ancient comets had been neglected. 

These two sources of uncertainty have induced Dr. Holetschek 
to abandon the method of grouping, and to draw up a table in 
which is exhibited for every known comet (omitting some suggested 
early returns of Halley's comet) the value of the arc 

G-L+i8o°), 

where Z and L+ 180° are respectively the heliocentric longitudes 
of the comet's perihelion and that of the Earth. The contention 
is, that since a comet will be at its brightest when its proximity to 
the Earth occurs simultaneously with its approach to the Sun, and 
consequently most favourable for detection and observation, there- 
fore in a majority of instances this arc (I — L+ 180") should be 
small. The case of comets with small perihelioji distances {q) is, 
however, peculiar, since these comets cannot be seen at perihelion 
on account of their small elongation, but only as they approach 
to, or recede from, the Sun ; and for those comets in which (q) is 
less than 0*30, the table exhibits the value of (Z— L), which, ac- 
cording to the theory here enunciated, ought also to be a small 
arc. The choice of the limit, 9 < 0*30, corresponding as it does 
approximately with the perihelion of Mercury, is, of course, arbi- 
trarily selected, and may operate adversely to the theory i 1 the 
case of some comets when (q) lies between 0*3 and 0*5, even 
tending to produce a secondary maximum about 180°. 

The study of this table is iustructive. It is at once seen that 
the angular distances between the longitude of the Earth and that 
of the perihelia are most frequently less than +60°, and that such 
distances as fall between +120° and +180° occur less frequently 
than between +60° and +120°, and so far support the theory 
which Dr. Holetschek advocates. Another feature is the uni- 
formity with which the elliptic comets of;_ short period conform to 
the rule. Though these comets appear in the table only at the 
times at which they have been accidentally discovered, yet, on 
account of their elhptic motion, they can present themselves at 
one of their many returns in a favourable position for detection, 
and would therefore unduly tend to swell the number of instances 
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favourable to the hypothesis. These eases of periodical comets 
are therefore separated from the parabolic in the tabular arrange- 
ment which exhibits the number of comets whose periheHa fall 
within successive elliptic arcs of 30°, with the following result : — 



/-L±i8oO. 


Number of 

Parabolic 

Comets. 

q:>o'l. 


Number of 
Elliptic 
Comets. 


l-h. 


Number of 
Parabolic 

Comets. 
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0- 30 . . 

30- 60 . . 
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90-120 . . 
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45 
46 
26 

21 
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16 
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0- 30 

30- 60 

60- 90 

90-120 

120-150 

150-180 


7 
12 

6 

4 

3 

I 



It will be noticed that while the comets with perihelion dis- 
tances greater than 0*3 conform to the rule with satisfactory regu- 
1 arity, in the smaller catalogue of those which can approach very 
c^losely to the Sun there is a tendency for the perihelia to group 
themselves about the arcs +3o°-6o'^, rather than about the smaller 
^.ngular distances demanded by the rule. This discrepancy Dr. 
^oletschek thinks may be explained by the increased molecular 
Miction to which such comets are submitted by their close approach 
"tx) the Sun. If this be the true explanation, we should expect to 
:find that the mean perihehon distance of the comei;s forming the 
«econd of the groups is decidedly less than in the first group. 
Eut no attempt has been made by the author to establish this fact. 
Several interesting statistical results are drawn from the figures 
of the general table, but they can only be referred to here very 
briefly. For instance, it is curious to notice that the positive or 
negative sign before the angle ?—L+i8o° occurs with compara- 
tively equal frequency, not only in the total number of comets, 
but when grouped in shorter periods. 
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39 


33 


148 



No conclusion can be drawn from these figures as to whether 
comets are more frequently seen in the morning or the evening 
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shy, bnt it abowx that the perihelion pointfl, reduced to the ecliptic, 
lie, with equal frequencj, io advance of and behind the Earth. 

Each of these Hrasller groups is diseiisBed in its bearing oQ the 
main question as to the freqnency with which the arc (i— LJ^iSo") 
occurs OS a Hmall angle, and the Name law, which obtains tor the 
whole catalogue of cometn, holds in the smaller groups. But if 
the group i86s-i8(io ba se|iarnted into two, that between 5865- 
1880, including 31 comets, offers an unexpected result by demting 
from the general rule. Some ingenuity is exhibited to explaiu 
this abnormal deviation, such as the fretiuent occurrence in that 
period of comets with large inclinations. But such suggestiona 
only sliift the difficulty, without espkiiiing it. No physical cause 
can be assigned why comets with orbits greatly inclined to the 
ecliptic should be more frequently met with at one iieriod than at 
another. W. E. Pldmmeb. 



The Proper Motion of S 547. 
It now appears beyond question that the change in this pwr of 
small stars is due to' proper motion. I have lately made a set of 
measures with the large refractor, which, in connection with the 



(sarlier ob»w\i»tions, jiiv 
dir«<liaii of iho luon 
ohsiTMitions of this pair : — 
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1831-39 344'''3 4"'2S S's 11-5 S 3n. 

1877-99 9"8 z -31 ■■ ■- /3 3"- 

i879'oS M'o 2 "26 9'o "'2 /3 411. 

1880-60 i6-i 3-19 9-0 ii'7 /I sn. 

1890-82 28-5 2 -oi 8-s 97 183". 

I do not find any record of ttiie pair having been seen between 
1831 and 1877, although it was looked for by Dembowski in 1865, 
and by me, with the 6-inch instrument, a number of times 
previous to the date of my first measures with the iS^-inc!i. It 
should not be difficult with a small aperture if the foregoing 
magnitudes are correct. Variability of the smaller star has been 
suggested as an explanation of the failures to see it, but the proof 
on this point is not satisfactory. It is a small star, with other 
and brighter stars near it, and might have escaped examination 
when looked for. Argelander gave the magnitude of the larger 
stai* aa 9*2, while Lamont called it 10. 

The accompanying diagram shows the relative positions of the 
two stars from the measures given above. Froui this it appears 
that the apparent motion oE the star is o"'052 annually, in the 
direction of 137"'8. It is of course impossible to say from the 
measures to which component this proper motion belongs, but 
probably to the Urger, which would then be moving in the 
direction of 3i7°'8. The minimum distance between the stars 
of i"-g will be reached in 1903. 8. W. BoKKHiM, 



Selenographical Notes, 

ViHTA. — This beautiful object, the third in the fine chain of ring- 
plains which, beginning with Itlersenius and ending with Fiiizzi, ex- 
tends from the eastern border of the Mare Humorum to the region 
west of Bouvard, were it not much foreshortened by its position 
near the limb, would exceed in interest most other formations of its 
type and size. Even under the most adverse conditions oE libra- 
tion it will be found well worthy of examination under a low Sun, 
both on account of the remarkable character of the walls which 
Burround it and the variety of detail in its neighbourhood ; while 
when placed at its best, the curious and, as yet, doubtful nature of 
many of the features in the interior render it a specially interesting 
object for scrutiny. The most suitable time for observing Vieta 
under morning illumination is when the east long, of the termi- 
nator is about 65°. The greater part of the floor is then in sun- 
shine, and there is still snfficient shadow assodated with mauy 
objects upon it to render them tolerably conspicuous. At a some- 
what earlier stage the prominent shadows of peaks e and h (see 
Noison, map xv.) on the lofty west wall, the first nearly 11,000 
and the last more than 14,500 above the interior, are very^ Jiote- 
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worthy, but, of course, obscure many features on the floor. The 
shape of Vieta-, like that of many other lunar formations, resembles 
an irregular hexagon, with long and nearly straight sides on the 
west and east, and with two much shorter sides on the south and 
north. The north-east and north-west sides are about equal in 
length and are slightly convex outwards, while the south-west side 
bends inwards and the south-east side is nearly straight. South 
of the lofty peak e and north of the still more towering height ^, 
the wall diminishes very suddenly in altitude, and both on the 
south and north exhibits many breaks, being traversed in several 
places by narrow passes running down to the floor from the plain 
outside. On a low section of the south-western border stands a 
large deep crater, which is at least double the size shown by 
Madler and Schmidt. Careful drawings of this part of the forma- 
tion under various solar altitudes would be valuable, as there 
appear to be indications of the wall having been considerably 
modified by the presence of the crater. The detail on the floor of 
Vieta is somewhat puzzling to make out at the best of times, and 
this possibly accounts for notable discrepancies in pubHshed draw- 
ings and descriptions. Neison speaks of a " moderately-sized 
central peak with a small hill on each side and a craterlet on the 
east." Madler shows two hills with a crater on the east in a line 
with them. Schmidt draws eight craters of various dimensions, 
but all of a small type, standing on and amid hills on the northern 
half of the interior, and a ridge on the southern section, which 
apparently does not answer to either of the three rills [8. 257, 258, 
2591 discovered by him in 1S54, and depicted in Xeison's ' Moon," 
map XV., only one of which I havt^ hitherto detected. 

November 12. 1S83, S** 30"* to 9** o*", and November 4, 1890, 
S*" to 9\ were two occasions on which 1 obtained especially favour- 
able views of the formation. On the first, seven craters were 
easily visible on the northern quarter of the floor. Five of these 
were in a row, corresponding in position with Madler's two hills 
and a crater. The tlurd in the n>w, amnting from the west wall, 
appeiirod to consist of two inosculating craters. The two remain- 
iiig craters were at some distance to the north of the row and were 
much smaller. On the second occasion (la^t month), though defi- 
tion wa^i good and the same instrument and powers (280 and '340, 
on a SJj^ S. O. Ct.) were used, I could, with all care, detect only 
thf most easterly and westerly craters of the row, with an inter- 
.uevliaJ^' hill <^? Midler's central mountain <?^ and a thini smaller 
crater north of these^ aKnit midway Mxi^een the west and the 
east x^-alls, and another low hill <>nM of this. The two craters per- 
taining to the ri>w >^vix^ tilW wit)\ shadow, and certainly seemed 
TO l>e larger ai>d mon^ distinct than an\ thittg of the kind noted on 
the floor during the prxnioUxS oWrx-ation, A oi^nsideirable differ- 
t?>uce in the condition of libration on the 1 wo occasions may possi- 
blv at^counl for the fact th^t a 4jTi>«t>er nttwiK^r of craters were 
r«T€iaied on Novwnbeit ^ a. i^S^^ tKaxi on Nox-^mboT 4, 1S90, though 
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le illumination was practically the same on both nights, but it 
does not explain why there should be any difference in the apparent 
size and distinctness of the two end craters of the row. With so 
ixiany strange instances of discordance as regards observations of 
detail made under similar conditions, it seems to me that the only 
A^^ay of accounting for them is on the supposition of the existence 
of some obscuring vapour which occasionally either veils rills, 
small craters, &c, &c., from view altogether, or interferes con- 
siderably with their visibility. Vieta A and B, two notable twin 
XTiig-plains on the east of Vieta, were close to the terminator at 
8** on November 4, 1890. On the wall common to both stands a 
iDright crater, shown only by Schmidt, and there appeared to be a 
lz>reak south of this on the same wall which seems to represent a 
second crater. There is a curious straight ridge running in a 
northerly direction from the north side of B, parallel to the east 
"border of Vieta, and terminating in a small crater, which latter is 
connected by a doubtful narrow dark line (? cleft) with a large, irre- 
gularly-shaped depression under the north-east wall of Vieta, and 
<3an be traced down its inner slope. This region will repay careful 
examination, as it abounds in unrecorded detail, and includes some 
cjlefts not catalogued. The beautiful group of craters north-west 
of Fourier is very conspicuous at this phase. One member of the 
group (d) is remarkable for the- brilliant whiteness of its inner 
slope, while its fellows, with two or three exceptions, are com- 
3)aratively dark. Can lunar theorists explain why this should be ? 

Thos. Gwyn Elgee. 
Beaumont House, Shakespeare Bead,- 
Bedford, 1890, Dec.ijS 



CORRESPONDENCE. 

To the Editors of * The Obset'vatory,' 
Sun-spots in High Latitudes, 

Q-ENTLBMBN, 

The past summer and autumn have brought us a decidetl 
increase in the number of spot- groups to be seen on the Sun, so 
that whilst there were but 32 groups recorded in 1889, 42 were 
observed in the first nine months of the current year. And with 
the quickening activity of the Sun, the tendency of the spots to 
seek high latitudes has been increasingly distinct. As in 1889, 
what we might call mid-latitudes on either side of the equator 
were absolutely free from spots. These barren zones were not 
quite so wide as in 1889, extending only from 11° to 18° instead 
of from 10° almost to 20°, but the avoidance in either hemisphere 
of this belt, which at maximum, and on the average for an entire 
cycle, is by for the most frequented of any, was very conspicuous. 
The equatorial zone, too, was almost deserted. Only five groups out 
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btf the 4a were situated near the equator, and of these three werd 

Eonly eeeu on a single day, and one group was a legacy from i88g^ 

rOue considerahle group alone, belonging wholly to 1890, wasfounM 

lin the eguatoria] itone, the group which raa iU course from July aM 

I' to August I. I 

I The remaining 37 groups all had latitudes of 19° or over, iM 

I being northern and zo being southern groups. Four groups l)ad] 

I A lutitudo of more than 30", t«-o of these hciug groups to which £1 

f Lave already referred in your pages *, and the other two beinj^ 

I but small groups. I 

The prineipal groups of the year so far have been as follows^ 

neglecting the group which was first seen on 1889 Dec. 27 aiul 

which passed out of sight at the west limb on Jan, 7 in the presenn 

Lat. J 

Jan. 17-Z2 +33° J 

■ March 4-14 4-33 ■ 

L May S-13 -28 J 

I June 5-9 —25 J 

f July4-ii —24 M 

[ July 7-14 -21 M 

I July 22-Aug. I — 7 ■ 

I July zS-Aug. 6 4- 19 M 

I Aug. 2S-Sept. 6 +20 1 

I Sept, 1-9 —19 I 

I Sept. 15-18 —30 1 

Sept. 17-20 -37 I 

I Sept, 24-Oct. 3 +21 

I Two fine groups have been seen on the Sun sinoe the beginning 
of October, but unfavourable weather prevented either being fully 
obaer>-ed at Greenwich. The first, a particularly fine and in- ' 
teresting group, would appear to have reached the east limb on 
Oct. 19 and the west lirob on Oct, 31, its latitude being about 
— 24°. The other lay in the northern hemisphere, latitude + 19°, 
and was visible during the last ten days of Xoveinber and the 
beginning of December. A third but smaller group was observed 
in latitude —28" in the middle of December. 

Tours faithful I V, 

I Blapkbealh, 1890. Der. ai. E. W. MAtmnEH. 

[ Coajunclions of Jupiter's SatelUtes. 

[ Qkktlbmen, — 

L The following are the Qrw^nwioh Mean Times of the visible 

Conjunptions of Jupiter's Satellites, ivlative to Jupiter's equator, as 

<e the 'OhwrnitDrj' for April 1890.1). 159. wii) for July, p. 141. Mky I 
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seen from the Earth in January 1891. The satellite nearest the 
Earth is named first. Apparent distances from the centre of 
Jupiter are given in multiples of his equatorial radius. E. and W. 
mark the positions of the Satellites relative to Jupiter. * shows 
that the planet is above the horizon of Greenwich; t that the 
satellites are moving in the same direction with relatively slow 
motion ; t denotes a very close approach to a conjunction. 
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As so few of these phenomena are visible vdthin the limits of 

the British Isles comprising 48" only of Longitude from E. to W., 

I have endeavoured bo secure ampler opportunities for observation 

by sending manuscript copies of this list to the observatories of 

^Madras and Washington, distant 5^ 21" East and 5*" 8"^ West, 

respectively, by recent mails, Faithfully yours, 

Murston Rectory, SittiDgbourne, A. Feeeman, 

1890,1)60. 15. 

The early History of the Red Spot on Jupiter. 

Gentlemen, — 

In connection with Mr. Eyle's letter in the December 
number of the ' Observatory,' I trust that I shall not be considered 
egotistical if I refer your correspondent to a paper by myseK, read 
before the Boyal Astronomical Society in 1887. It will be found 
on p. 515 of Vol. xlvii. of the R. A. S. 'Monthly Notices.' 

Faithfully yours. 
Forest Lodge, Maresfield, Uckfield, WiLLIAM NoBLE. 

1890, Dec. 5. 



Periodical Comets due in 1 89 1 . 
Gentlemen, — 

Our old friend Encke's comet may be confidently expected 
to turn up again next autumn, as it has been seen at every 
return since Encke determined its period at the appearance in 
1 81 8- 19, besides having been observed on three previous occa- 
sions, in 1786, 1795, 3Jid 1805. We have reason to be grateful 
to this comet for affording the means of the earliest determination 
of the mass of the planet Mercury ; but it has other problems ye^ 
to solve. Encke's theory respecting the cause of the di^iinution 
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of the Jength of its periodic, time could not be held (at auy rate in 
its original shape) when it was found that that diminution was not 
constant in amount. Mr. Monck, I believe, was the first to sug- 
gest the retardation produced by traversing or passing near 
meteoric streams as a cause, and on this we may hope that further 
light will soon be thrown. 

Two other small comets are due to return to perihelion some 
time in the cpming year. Both were first dii^overed by Tempel, 
but as the periodicity of one of these was not detected until atter 
its re-discovery by Prof. Swift in 1 880, it is usually called Swift's 
comet. Tempel discovered it in November 1869 ; it has a period 
of about 5 1 years, but escaped observation in 1875. It was 
unfavourably placed at the return due in 1886 and was not 
seen ; another return will be due in the autumn of 189 1. 

The comet which was discovered by Tempel in 1867 has a period 
of about six years. It was observed at returns in 1873 ^^^ ^^799 
but not at the last, which was due in 1885. Another return 
therefore will be expected in the course of the year on which we 
are just about to enter. Yours faithfully, 

W. T. Lynn. 

Blackheath, 1890, Dec. 18. 



OBSERVATORIES. 

Copenhagen. — M. Victor Nielsen kindly serds us the following 
letter : — " In my private observatory I hope shortly to mount a 
7.1 -in. refractor by Eeiuf elder and Hertel of Munich (mounted by 
W. Ealcz-Rasmuyssen of Copenhagen). My work has recently 
been chiefly selenographical ; but with my 6|-in. I have photo- 
graphed the Pleiades, 61 Cygni, the Orion nebula, and Brooks's 
comet (May, 1890). The comet was too faint to measure, and the 
stars were small lines owing to the cometary motion (exposure 
35 min.). I hope with the new instrument to do better photo- 
graphic work, for the actinic focus is only t| mm. from the visual, 
whereas in the 6|-in. it was 7 mm. distant. The O.G.'s of the 
new instrument and its finder are of Jena glass. I beg to thank 
the obervatories which have sent me their publications : viz.. Lick, 
Washington, Warner, Markree, Rousdon, Meudon, Prague, Baron 
Engelhardt's, O'Gryalla, Vienna, &c." 

Moscow. — A volume of the Annals, dated 1890 and numbered 
" II. Serie, Volume II., Livraisons i et 2," chiefly consists of 
various papers on comets and meteors and kindred subjects, by 
the Director and his staff. M. Bredichin's name is already famous 
in this connection, and what he writes will be read with interest. 

One chapter only is observational, being an account of pendulum 
operations by MM. Sternberg and Bredichin, with a reversible 
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pendulum, at eight stntions, mcludug Moscow. The lai^est dis- 
crepancy between two det«TninBtionB at theaame place is o'°°'-q^^ ; 
and there appears bo be a avBtematie error of o'"""34o, which is 
ascribed to vibration of the supports. A simple photometric appa- 
ratus and a chart for meteor observations are described by M.Ceraski. 



Nice. — We have examined the third volume of the Annals oi 
tins Obserratory with a feeling of simple reverence. It contains 
the magnificent map of the solar spectrum which M. Thollou 
scarcely lived to complete, and which is now a monument to his 
memory. The priBmatic speetram is mapped from A to 6 on such 
a acale that the distance between the D lines ia 30 mm. ; and for 
the four coses of a high sun ; a sun of Z. D. 60° with dry air ; 
Z. D. 60° and saturated air ; and Z. D. So". No attempt has been 
made to reduce the positions of the Hues to wave-lengths, but tables 
accompanying tho map give in figures the exact poaitioiis ffo 
o""'oi), the intensities, and the breadths of the various lines. Of 
the labour involved in such a «'ort, there ore very few competent 
to form mi opinion, and still fewer who caa appreciate its 
excellence. The author compares* it to a table of logarithms, 
as being a laboriously compiled work of reference : but, it we may 
gather from this that he feels the same confidence in the accuracy 
oi his work as though it were a matter of simple calculation, his 
claims to our consideration are on a very different footing from 
those of the computer. 

There are other matters of interest in the volume. M, Perrotin 
pubUshes part oE a Theory of Vesta on which he has been at work. 
There follow the meridian observations 1SS7 March to 1S88 
March; then observations of nine comets and sixty small planets 
with the 15-inch equatorial, and finally elements of planets dis- 
covered at the Observatory. The liberality of M. Bischoffsheim 
ia certainly being amply rewarded. 

Tale. — The Eeport of the Secretary for the year 1889-90 
shows that no change has been made in the general working of the 
observatory. Dr. Elkin's report on the heliometer work ia ap- 
pended, and we learn that 54 series of measures of Victoria and 
33 of Sappho were secured. The reductions have been kept well 
forward, while considerable progress has been made towai^ the 
deduction of the solar parallax from tho observations of Iris in 
1888. Mr. Chase will carry out the hdiometric triangulatiun of 
the Victoria comparison stars as suggested by Dr.&ill. Dr. Elkin 
is now completing his determination of parallaxes of (irst-mag- 
nitnde stars in the northern heavens. 



Lick, — Prof. Holdcn announces that the Edison General Electric 
Company have generously presenled complete plant for lighting 
the observatory by electriciiy. 
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PUBLICATIONS. 

CoEDOBA Obsbevations. — ^Vol. XII. containiog the zone observa- 
tions made in 1879, under the direction of Dr. Gould, has been 
issued by his successor, M. Thome. The number of observations 
during the year was 19382 of 6213 stars. The separate results 
are given in ledger form, and the combined mean places in a 
catalogue. A few observations of Tempers Comet are also 
given. 



Eio Janeieo Aktnales. — Vol. IV. Part 11. contains the 
Meteorological observations, 1 883-1 885, and as soon as possible 
those for 1 886-1 888 are to be printed. The gap in the series 
(from 1 86 7-1 881) will then be taien in hand. The volume before 
us gives details of observations taken every three hours, also ten 
day and monthly meaus of the same. We hope the Eepublic 
will extend to the observatory the same generous support that it 
received from the ex-Emperor. 



The Stoey op the Heavens.— A new edition of Sir Bobert 
Ball's popular work has been published, and we see no reason why 
many more editions should not follow it. The work is little more 
than a reprint, but with good reason ; for though important astro- 
nomical work is being done every year, it is such as can scarcely 
find a place in a work dealing mainly with fundamental facts. We 
notice that Mr. Eoberts's photograph of the Andromeda nebula is 
included as an illustration, though nothing is said of its signifi- 
cance, perhaps through excess of caution. 

It would appear that some 14,000 people have already bought 
this work, and the fifteenth thousand are already attacking the 
market. We congratulate the genial author and wish him con- 
tinued success. 



ASTEONOMICAL PaPEBS FOE THE USE OF THE AmEEICAN EpHB- 

MEEis. — In Part 5 of Vol. II. Prof. Newcomb gives a re-discussion 
of the observations of the Transits of Venus 1761 and 1769. All 
observations have been subjected to a most searching criticism, and 
modem longitudes of the observing stations used. The aUeged 
falsification of Er. Hill's observations having been thoroughly dis- 
proved, great weight is attached to them. Numerous observations 
not used by Encke have been incorporated, and the observations 
have been corrected for the imperfection of telescopes and other 
matters which miUtated against distinct vision of the thread of 
light. Erom the two Transits 8"*79io"*o5 is the resulting 
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parallax, and -1-32 "'4 the correction to Le Verrier's longitude of 
the node of Venus. It will be remembered that Encke*s result 
was 8"'58. — Ast, Journal. ' 

Radcliffe Obsbbt^tions, 1886. — The 44th volume of Eadcliffe* 
observations has just been received. There are no changes to 
record in the staff or in the form of the volume. The annuaL 
catalogue contains 997 stars ; the Sun and Moon were regularly- 
observed, and the observations and resulting errors of N. A. are 
given. In the case of the Moon the errors are also corrected for 
*^e ** Change in the Unit of Meaa Time introduced in the year 
1864." The volume also contains detailed meteorological observa- 
tions. , 



NOTES. 

Thh Ebobnt and Previous Cold Pbeiods. — The following 
P^iiiculars in regard to the recent and previous cold periods have 
^^^en drawn up from the records of the Eoyal Observatory, Green- 
wich. 

The month of October of the year 1890 was on the whole 
^^Id. In November there was a warm period, extending from 
■November 12 to 24. Then on November 25 a cold period com- 
menced, and, at the time of writing (December 27), still continues^ 
Considering the period, November 25 to December 26, we have 
*li^^eady one of 32 days, with a mean temperature of only 29°'9, or 
' i°'2 below the average ; on 20 of these days the mean daily 
^^uperature was more than 10° below the average, on 5 of 
^©m being more than 15° below; from November 26 to 30, 
^^cember 10 to 20, and December 22 to 25, it was continuously 
^^1^ than 10° below, the greatest departure from the average 
^g — 20°'7 on December 22. From December 10 to 19 the 
■^Jxiperature was never above the freezing-point. 
. It becomes interesting to compare this record with previous 
instances of frost occurring before Christmas, adding thereto the 
P'^^J^ticter of the weather, as regards temperature, during the 
**^iiiediately succeeding part of each winter. 

In 1853-54 a very cold period set in on December 11, lasting 

^jjl January 6, or for 27 days: the mean temperature (m.t.) of 

"^ period was 3o°*9, or 7°'i below the average; on 5 days the 

***^^n daily temperature (m.d.t.) was more than 10° below the 

?^^^rage, the greatest departure therefrom (g.d.) being — 13°-2 on 

^^^oember 29. During the rest of January the temperature was 

S^^ierally considerably above the average. 

. Xn 1855-56 cold set in on November 13, lasting nearly con- 

^Uously till December 22, =40 days: the m.t. of the period was 

3S~'6, or 5°'5 below the average ; on 8 days the m.d.t. was more 

*•!! 10° below the average, the g.d. being — 18°-5 on December 21. 

^L. IIV. F 
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The rest of December was warm, and January^ tritb a few 
exceptions, was also warm. 

In 1870-71 the early part of December was cold and the 
middle portion warm. On December 2 1 cold set in, lasting, with 
a few exceptions, until February 2, =44 days: the m.t. of the 
period was 3i°'2, or 5°*9 below the average; on 10 days the 
m.d.t. was more than 10^ below the average, the g.d. being — i7°'o 
on December 25. The rest of February, with one or two excep- 
tions, was warm. 

In 1874-75 a cold period set in on December 9, lasting till 
January i, =24 days : the m.t. of the period was 3i°'i, or 7°*9 
below the average ; on 6 days the m.d.t. was more than 10° below 
the average, the g.d. being — 16°'4 on December 31. Followed by 
a very warm January. 

In 1878-79, after a somewhat cold period, one of greater cold 
set in on November 26, lasting till December 25, ==30 days ; the 
m.t. of the period was 32°*!, or (f'l below the average ; on 12 days 
the m.d.t. was more than 10° below the average, being for 8 days, 
December 8 to 15, continuously more than that amount below the 
Average, the g.d. being — 17°'3 on December 24. Then, after 7 
days of warm weather, there followed a very cold January. 

In 1879-80, aft<^r a variable period, cold set in on November 20, 
lasting till December 27, =38 days: the m.t. of the period was 
3i°*3, or 9°'8 below the average ; on 15 days the m.d.t. was more 
thim 10° below the average, being for 8 days, November 30 to 
December 7, continuously more than that amount below the 
average, the g.d. being — 19°"2 on December 7. Then, after 8 days 
warm, followed a very cold January. Great similarity with the 
previous winter. 

A few notes on the winter of 1854-55 (the Crimean winter) 
may not be out of place. After a variable period, until the middle 
of January, cold set in on January 14, lasting till February 24, 
= 42 days: the m.t. of the period was 28°*4, or 9°*4 below the 
average ; on 18 days the m.d.t. was more than 10° below the 
average, on 5 of these days being more than 15° below, and on 
10 days, February 13 to 22, was continuously more than 10° below, 
the g.d. being — i8°*o on February 18; 

As regards absolute low temperature in the months of November 
and December last, the lowest recorded in November was i8°'3 
on the afternoon of November 28 between 4** and 5^ p.m., the lowest 
previously recorded in November since the year 1841 being I9°'4 
on 1856 November 30. The lowest temperature in December was 
i3°*4 on December 22, temperatures lower than which have been 
recorded only three times in December since 1841 : they occurred 
i860, December 25 = 8°*o; 1870, December 25 =9°'8; and 1878, 
December 25=1 2°'2. W. E. 

There is a Greenwich proverb that it is " never clear when the 
snow lies ; " and the following figures will show how far the recent 
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severe weather has confirmed this diotum. They give the number 
of transit observations made during December. The constAucj of 
the watch kept at Greenwich is perhaps too well known to need 
comment, and it may fairly be said that the following observations 
were all that were possible during the month! 



Date. 


1 

No. of stars. 


, Planets. 

1 


Date. 


* 

No. of stars. 


Planets. 


Eqaat. 


Polar. 
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Polar. 
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21 
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2+...... 
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26 

*7 

28 


2 

2 
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4 
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8 
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It is doubtful whether 100 observatioDs will be secured in the 
oiith (counting double limbs), the average for December in recent 
ears being considerably over 400. 

The CLIM.A.TE OF G-HBENwicH. — Some months ago, Dr. Auwers 
mblished a research on the Sun's diameter (see Obs. No. 156, 
^* 445)9 wherein he incidentally noticed an apparent decrease in 
^^^:^he average annual number of meridian observations of the Sun, 
"^^hich be attributed to a deterioration of the climate of Green- 
dch. His figures were as follows : — 

Years. No. Obs. Years. No. Obs. 



1750-60 160 

1765-75 138 

1776-86 140 

1787-98 148 

T799-1810 159 



1811-18 154 

1819-27 " 152 

1828-35 138 

1836-46 119 

1847-80 114 



It will be noticed that though the first number is undoubtedly 
^he largest, and the last the smallest, the second number is exactly 
siepeated more than fifty years later, and it would appear that up 
^ 1835 at least there was no certain change. Since then the 
^ybservations of the Sun have been intermitted on Sundays, and 
proper allowance must thus be made. If Sundays are comparable 
with other days, about 19 observations would- apparently be the 
proper allowance, and this would make the last figures 138 and 
133 respectively. This assumption has been confirmed by the ex- 
perience of the past year, for the Astronomer Boyal made arrange- 
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tnonti for the obHervation of the Sun on Sundays, commenciug 
with 1890, Jan. i, and there have been 20 observations of diameter 
on thofie days. The deterioration in climate would thus appear to 
hd Nniall but sensible. 

Tn» C'ORDOBA DuECUMUSTEEUNG. — In the Astr. Journal for 
l)(^c. 8, Mr. Thome, the Director of the Argentine National Obser- 
vatory, gives ati interesting account of the work of his Observatory 
in t^xttmding the Durchmusterung to —42°. " During the past 
flvo ycwrs our efforts have been devoted mainly to the extension of 
tho Hon them DM., from the limit to which it had been carried by 
Prof. Sohoafold ; or rather from the beginning of —22°, so as to 
have thut bolt (one degree) in common with Schonfeld's great 
work, for comparison of results. Up to the present we have 
iimdo nion» than a million of observations of objects situated in the 
lH»lt UMwoou —2a** and —42°, which have all been reduced to a 
nunmon opwh (18750), and in the course of a few months the 
Hnal iwision for that entire region will have been completed .... 
Tho toloHooot* tMuployed is a small equatorial by Alvan Clark & 
Sonn, of ijjiMu. a^>erture and 168 cm. focal length, with an eye- 
pitHt^ nmgnifving 15 times, showing stars to the io| magnitude, 
umlor t ho lH>f«t (conditions of skv in dark field." From the coin- 
(vnriMon with MuinfoUrs work, it appears that nearly double the 
lUiiuU^r of «tars have lH»en observed at Cordoba in the same region ; 
thoii^h tho probahlo orriu* of an obst^rvation is rather large, owing 
to tho uj^* of an iHvulting l>«r instead of an illuminated reticule. 
Tho work i'anuot fail to Ih» of grtuit use, and ir \i-ill be of great 
iMt^riHit h> <H^««>ari* tho results with those of the Cape photographic 
DM. 

Mivru^N ov TWK 5^>iA« SiTSiTKM IX SPACTL — Herr Oscar Stumpe 
)vi» uuiJo auotKor c\Muput;M4iUi of this inodon, using 1054 stars, 
vWw* l\NL iu axv is ct^^u^r tWi 0**16, These include the Bradley 
*f<wr* >^K<vao 1\M, \>** dt^vrtuu^ by Au>»^«k and those determined 
hv Ar^biuW ; iKo ronviiiuW come from mi9i:eilaiieoas sources, 
laul ii>^(Mrv^^^l nwK'K ^vr^Mvul Idbour on ibe put of Herr Stumpe. 

Th^ ^ulhvMr \kiiU$ xx\ih ihii' v»ix>d qiK^iioD of the Kb^Te di^ 
t«i^<^^ \xf yW ;Kiars in a s^HKK'wh*! xk^yW mmniier. He sssumes 
ti^l iW \)i^;MKy^ Mv iux^T^y |«v^viioiiad to tbe appvent 
|s«v>^ nH^ik^¥^ iWii nimjiix^e: iH^^ wiK>tf«^ numWr of ssaisinto four 
(fNH^vi^ ;ikvn^vn)\^\^ Iv^ <W «M^n\ilu4^ of iVir PJ^Ls. he finds the 
M^t^W \\sM\ix^VKM^ \vt ;h<^ ;^>^.\ o>: )^ S^ui $ ^ray for each of the 
^H^vk A^H\ ;i^> iW At^W \^vt9v ^ ibe m^tim »» seen &om 
iW >^vi^x ^^l;iusv vNt 9W jpNVi^ N<^, i: t!^ asHuaptnn as to 
A^inVttl^vx S^ vNvrwNNiv ; V #^^«i:r y\x>tvh»m» sboaii^ ctf coarse, 
K^ ^W ><*^^^ tvy;^ K-^^ jPNSi^x^tti Vr^ ^iw^ ^uwr^ijc x^vsrr shoiild rarv 
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the deduced angular If Wlty. and ill tlio fourth thd inean P.M.; 
the ratio of these in thfi fifth t-oluiiiu is semj to be nearly coii- 

Xo. of ^ne. Mean 

Stars. A.R. Oeo,. »ef. P.M. Ralio. 

Group 1 551 iSj^^ +4i'''o o"'i4Q o"j3 16 

II 340 179 7 ■<-4o '5 o -igS " '43 f+ 

„ III 105 187 -9 +J1 -g -608 -85 i> 

.. IV 58 18s -i +30 -4 » -057 2. '39 I'l 

Herr Sfumpe remarks that since the meiin magnitude of each 
group ia about the same (6'o, 6-7, 6'i, 6-5), it would appear that 
the P.M. is a much more satisfactory criterion for the distance of 
a star thau its brightness. 

, The Imear magnitude of the velocity of the Solar syatein is 
accordingly left undeferniined. We must probably depend on 
apectroatopic results for this information. 

DisTAXT Comets. — The great Lick refractor has to reckon 
another aehievemeut in opening up the poasihihtiefl of following 
comets for a much longer period than before. Mr. Barnard has 
been active in this direction, and hopes to follow the Comet 1889 1, 
for one or two years longer, while another, a faint Comet (1889 t), 
has already been followed for a year and a half. 

The EEPRANQiBiLiir of tue Light of Mars. — " Theoretically 
owing to the deficiency of blue rays in the light of Mara, it sboold 
suffer a less refraction than do the stars ; and if the diSerenco be 
sensible it has an important bearing on the solar parallax deter- 
minations from Mars." Accordingly Llr. Elkin has made some 
.experiments on the subject with the Yale heliometer, but he finds 
that " it is not easy to draw any conclusion as to the relative re- 
frangibility of the light of Mars and a slar, beyond that the dif- 
ference cannot be very large." (See ' Astr. Journal,' JSo, 229), 

Beitish Abteobomical AssociATiOH.^ — We are pleased to see 
that the B. A. A. is being taken up in the Colonies. The ' Cape 
Times ' of Nov. 27 gives a summary of the steps leading up to, 
and an account of the first meeting, Mr. Cox, of ihe Obseri'atory 
at the Cape, seems to be a y, African agent; if astronomers in 
other colonies will aut in the same manner, u'e shall expect soon to 
hear of several colonial branches, 

TiCHo's Stab. — Mr. Burnham has examined the region about 
the place given by DArrest for Tycho's star with the 36-inch. 
Xone of the faint stars near the place presented any peculiarity 
worthy of remark, but three double stars were found. 

DoTTBLE Stars, — The ' Transactions of the Hoyal Irish Academy,' 
ix. part 13, conlaina a collection of double-star 1 
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made by Dr. Doberck during the period 1875-86. There are in 
all 7969 measures of position-angle and 2656 distances of 366 
different couples. Most of these have already been published at 
different times, so that the value of the present Catalogue lies 
more in the compact form in which it is issued. The great 
majority of the measures v(rere made with the Cauchoix equatorial at 
Markree, which has an aperture of 13*2 inches. The later 
measures were made at Hong Kong with the Loe equatorial. 
The tables in connection with the evaluation of the micrometer- 
screw are not very explicit, and form a great contrast with the 
catalogue itself, which is everything one could wish. The epoch 
of 2 2 1 14 (p. 415) ought to be 77*44. 

Amebican Obsebvatoeies. — Mr. W. C. Winlock has written 
an interesting article on Observatories in the U. 8. for an Ency- 
clopaedia, from which we glean that there are about 60 observatories, 
exclusive of those of amateurs possessing telescopes of 4 inches or 
less aperture. A list of observatories with their instruments, and 
specifid remarks, is given, and a brief history of Harvard and Lick. 

The University of North Carolina appears to have been the 
astronomical pioneer of the States, for in 1824, Dr. Caldwell, the 
President, purchased in London the following instruments : — a 
transit and a zenith telescope (Simms), equatorial (UoUond), sex- 
tant (Wilkinson), reflecting circle (Harris), quadrant (Hadley), and 
clock (Molyneux). They were erected in the University Building 
and 7 years later the first observatory was built for their reception, 
and Caldwell, Elisha Mitchell, and James Phillips observed with 
them. In 1838 the building was partially destroyed by a fire, 
which seems also to have enveloped the records and the zeal of the 
observers, as it closed the astronomical history of the institution. 
The Hopkins Observatory of WiUiams College, which celebrated 
its jubilee a few years back; came next, having been established in 
1836, and others followed at short intervals, until 1843, when 
Harvard was founded. It is worthy of note that in 1815 there 
was some idea of establishing an Observatory at Cambridge, but no 
action was taken until 1827, when the Dana house was purchased 
to serve as a temporary building, in which were mounted a 2|-inch 
transit (Troughton and Simms), an equatorial of 5 feet focus 
(Short), and magnetical and meteorological instruments. Money 
accumulated, and the present site was purchased in 1841 ; but Hajv 
vard proper dates from the appearance of Donati's comet, which 
caused much excitement and sufficient enthusiasm to result in the 
sum of 25,730 dollars being subscribed to furnish Cambridge with 
a telescope of the largest size. Thus the foundation of the Har- 
vard of to-day was laid. Of the history of Harvard it is needless 
to speak in the ' Observatory,' for its enterprise and energy are 
' known to all our readers. The Lick Observatory is fully dealt 
with, but that, like the modern Harvard, needs no remark' here. 

One cannot but admire the interest taken in astronomy not only 
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by the heada of colleges, but bytiie wealthy citiiisnB of the CBited 
Btatea, as evidenced by their establiflhment and endon-ment of ob- 
•ervatories. Mr, Winlock'e short article showa that America mar 
be proud of her astronomical institutions, for it displays a record 
of rapid (irogresB such as can be shown by no other coiiutry. 

The same mail brought ns the artiicle on American Telescopes by 
Mr. Winlock, but thia subject was referred to in No. 142, p. 394. 



Comets Zona and SpiTALER.^The former comet ivas discovered 
at Palermo by M. Zona on November 15, and the telegram con- 
yeying the uews of the discovery reached Vienna about half-past 
tm oa the morning of November 17. M. Spitaler at once directed 
tbe ij-incik refractor to that part of the sky, and at the 6rst glance 
ttw a faint object in the field. Not being satiBfied, as the object 
VM much fainter than indicated in the telegram, h^ searched 
farther and detected the comet Zona. On returning to tbe first 
object be found that it had moved in the interval. He was unable 
to see the comets again till Bee. 4. On Dec. 6 the faint comet 
(Spitaler) was observed at Copenhagen, and since then there are 
WTeral observations, so that no doubt of its nature remains. Tho 
elements, however, of tlie two comeia show no relation to each 
other, Zona having a parabolic and ypitaler an elliplic orbit. 

ElementB of comet SpitalPr. 
'r= lilgo Octobar 16-50833. 




Periitd 6-+ J Bars. 

The Zodiai;a.l Liuut.— I'rof. V. M. .Smith read to the E.S.E. on 
Aprd 7, some interesting notes of his obserrationa on the zodiacal 
light. He hae observed the spectrum on many occasions for tho 
lut fifteen years (in India ?), and for tho last eight years with a 
fipecially designed spectroscope : and in all the observaticmB the 
spectrum has appeared continuous and free from bright lines 
except during the spring of 1^83, and " even then the lines were 
not seen with sufficient distinctness to make their existence 
wrtain." The most strongly suspected line was about W.L. 
558, very near the auroral line at 5567, which indeed was 
obBcrved by Angstriim, in 1867, in the Kodiacal light, though 
Prof. Smith is inclined to think it really belonged to the aurora, 
trhose spectrum at Upsala can often be seen in almost alt parts of 
the sky. Prof. Smith calls attention to the fact that more 
accurate information is needed as to the position of the aiis of 
(he hght, the results of different observers being discordant. 
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Satubn aitd its EiKG. — An interesting monograph on Saturn, 
the result of fourteen years' work, is contributed bj Prof. Asaph 
Hall as Appendix II, to the Washington Observations, 1885, The 
characteristic of this memoir is great caution; and the three 
drawings of the planet, where a few scanty markings represent all 
that Prof. Hall can certainly see with a fine telescope, should reassure 
those who haye been dissatisfied with their modest instruments 
because they could not therewith recognize the elaborate detail 
described by more imaginative observers. To quote the author's 
own words : — *'The appearance of Saturn in our 26-inch refractor 
undergoes great changes from night to night, and sometimes even 
from hour to hour during the same night. Probably these changes 
are due to variations in our own atmosphere and in the action of 
the objective, and they do not therefore indicate real changes in 
the planet. "^Vhenever we ha^S a steady and transparent atmo- 
sphere, the outlines of the planet, the faint belts and markings on 
the Ball, the shadow of the Ball on the King, the dusky Eing, and 
the Cassini division are clear and distinct, and the abnormal phe- 
nomena sometimes seen are not visible. Without exception, my 
expericAce is that on good nights the planet always has this natural 
appearance. But on poor nights, when the image is blazing and 
unsteady, one can see and can imagine many strange things about 
this wonderful object." 

Prof. Hall finds for the rotation period of the planet, from 
observations of the white spot (1876 Dec. 7 to 1877 Jan. 2), 
ro** 14" 23**8 + 2**3 mean time (see Asl. Nach. No. 2 146). Careful 
discussions are also given of the position and dimensions of the 
I^ing. 

The notch in the outline of the shadow was never seen at 
Washington, either by Prof, Hall or his assistant. " The curva- 
ture of the outline of the shadow presented an anomaly in 1876 
when the convexity appeared to be turned towards the Ball, con- 
trary to what we should expect from geometrical considerations. 
The notes show that something of this kind was seen after the 
reappearance of the Bing in 1878. . . . After rhe Bing was well 
opened, the curvature of the outline always appeared natural or 
turned away from the Ball." 

MiNOB Planets. — The following have been named by M. Char- 
lois: — No. 283, Emma; No. 284, Amelia; No. 285, Begina ; 
No. 289, Nenetta; No. 293, Brasilia; No. 294, Felicia. 

In 'Engineering' for 1890, Dec. 19, there is a description, 
with four excellent illustrations, of the photo-telescope for 
Melbourne, made by Sir H. Grubb, which may be taken as 
representative of all the Engb'sh telescopes (Grreenwich, the Cape,, 
Oxford, Melbourne, and Sydney) which will take part in the 
international scheme for charting the heavens. 

AVb notice that Dr. Watts*s ** Index of Spectra " has just been 
published. It is a work which should prove ot the greatest use. 
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MEETING OF THE EOTAL ASTRONOMICAL SOCIETY. 

Friday, Januiuy 9, 1891. 

Lieat.-Gen. J. F. TErryiUT, C.I.E., R.E., F.E.S., 
President, in the Chair. 

■etariea : E. B. Khobbl and A. M. W. DowirDfi), M.A. 

Tub Minutes of the preyioua Meeting were read and confirmed. 

Mr. Downing. Fifty-eight presents have been received since 
tiiB laat Meeting ; among those calling for special mention are ; — - 
'TheSeienfcific Papers of J. Clerk-Maxwell,' 2 vols., presented by 
the Clerk-Maxweil Memorial Committee ; ' The History of Har- 
Tspd College Observatory,' by D. W. Baker, presented by the 
Obaarvatory ; 'Manuscript Observatjons of Shooting -Stars, 
1873-89,' by "W. F. Denning, presented by the Author : a Bichro- 
mate Batterv and HuhmkoriE CoO, presonted by J. E. H. Peyton, 
B^^. The thanks of the Meetiug wore voted for the presents. 

Mr. Knobel read a paper by Mr. S. W. BunJutTiif of the Lick 
Obaervatory, on the' Proper Motion of II 196S. The faint star 
*M observed and measured by Herachel in 1S30 or 1831, the 
aart date of observation being unknown ; hut Mr. Burnham has 
msie a series of measures of it during recent years, and finds a 
wgukirate of movement, from which it seems probable that 
Heiwiel'a observation was made in 1831, Argelander gave the 
ITOper motion of the star as o'^Sag per annum, but this has been 
eliown by Strave to be an over^stiraation. Mr. Burnham finds 
wBt ftis proper motion entirely fails to account for the motion 
of the small star that he bas observed, and coacludas either that 
w proper motion is in error, or the smaller star has a proper 
Wibon of its own. No orbital motion can account for the changes 
infoaition. 

4 vote 
m.iiT. 



thanks was accorded for the paper. 
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Mr, Knohel read a paper by Prof, H, G, Vogel; of Potsdam, en- 
titled " Eemarks on Mr. Fowler's Note on, tbe Duplicity of a 
LyrsB." Mr. Fowler would, indeed, have to be felicitated if, at 
the very outset of his work of photographing stellar spectra, he 
had succeeded in making a discovery of such great interest as the 
dupHcity of a Lyrae ; but it seemed to him (Prof. Vogel) that Mr. 
Fowler's conclusions could scarcely be accepted without independent 
confirmation. The spectrum of a Lyrae has been repeatedly pho- 
tographed at Potsdam between Sept. 28, 1888, and Nov. 26, 1890, 
and in no case have the lines been found doubled in the manner 
shown in Mr. Fowler's photographs. The dates and exposures of 
the photographs taken at Potsdam are as follows : — 

Sept. 28, 1888 : " 25 minutes exposure. 

Nov. 8,1888, 8*» o™ Potsdam M.T. : 60 

Nov. 13, 1888, f i5°» P.M.T.: 70 

May 30, 1889, io»» 30"^ P.M.T.: (5b 

June 6, 1889, lo*' 15"^ P.M.T. ; 30 

Sept. 15, 1889, io»^ 5"^ P.M.T. : 30 

Nov. 24, 1889, 6^ 40"^ P.M.T.: 30 

Nov. 25, 1890, 5»» 58"^ P.M.T.: 45 

Nov. 25, 1890, 10^ 45*" P.M.T. : 40 

Nov. 26, 1890, 8^ 43"' P.]\I.T. : 45 






»» ?9 



It is easy to see that if a Lvmc is a double star of 24*68 hours 
period, as sug^sted by Mr, Fowler, the lines should be double in 
some of the photographs taken at Potsdam ; yet although the 
definition is very gooii and the lines are very sharp, no doubling is 
found in any case. A relative motion of more than 20 nyles a 
second could not fail to show it^^lf on any pliotograph taken with 
the Potsdam s|>eotragraph. With a jx^riod of 24*68 hours twice 
only during that interval will the relative motion be less than 20 
miles per Si^oond, and that only for the very short time of '43 
hours, so that in the cast>s of 45 minutes exposure, as on Nov, 25 
and 2(i^ 1S90, it should be absolutely impossible for the lines to be 
pexfwtly sharp : at the >^rr U\n4!tt a relati>e motion of 50 miles per 
second should be shown. The Potsdam spectrograph photographs 
a repon from X 450 to X 460^ 5h> that the K line, the duplicity of 
which first at1.m^t<>d Mr, Foxiler s attention, is not included in 
the photOiTraphs t:aken x^ith its but the displaoenient^ if really due 
to motion of the stars, >x'ould be as ob> ions in this re^on as in anv 
other, Mensnr<^montK<5 of the positions of the lines at 452*30, 
453*43, and 454*00 show that then-' is not any displacement 
greater than ^^5 i-niles. AVith the lines of torresrna] hydrogen at 
452*62 and 455*5 2 simnltanci-^nsly phot<">flTftphed on the plate with 
the spectrum of Veija. no displacemont cjin K-^ detected. Even 
eupposinir tliesie linos belonjs: only to one star, then thev should 
JBdicate velocit^e^ up t-o 1S5 wiles Y>eT «^cond. With ^ Axii^g» 
|3ftiOt<*gi*phs obtained at Potsdam cWrk indica^ie the periodical 
douhhog of liie liiKjJs but tihis i#i w^-w fownd in the case of Vcgi. 
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Special knowledge and great care are necessary to use the method 
of prisms in front of the object-glass adopted by Mr. Fowler, 
otherwise the arrangement is liable to produce duplication or even 
triplication of the lines in the spectrum of a star. At Potsdam 
it is practically almost impossible to get any double lines unless 
they are due to real motion of the components of the star, because 
a slit spectroscope is used. He (Prof. Vogel) would suggest that 
Mr. Towler should thoroughly test his instrument on other stars, 
and should test his method of working by taking photographs of 
A^urigaB. It would also be advantageous if he followed Prof. 
Pickering's example and tried the effect of using greater dispersion. 
Prof. Vogel also begged to call attention to the calculation and 
diagram given in Mr. Fowler's paper, as they fall far short of the 
accuracy that might justly be looked for in a paper of so much 
importance. Taking Nov. i, 8 hours as the time of zero-point, 
and the period of 24*68 hours, a comparison of Mr. Fowler's 
observations with calculations shows the following results : — 



Date. 


Hour. 


Calc. Motion. 


Obsd. Motion. 


Calc-Obs. 


^ct. 3 


9*oo 


313 miles 


180 miles 


+ 133 


8 


8 -co 


314 » 


370 „ 


- 56 


9 


7-00 


204 „ 


232 .» 


- 28 


10 


7*33 


176 ». 


260 „ 


- 84 


II 


8-50 


215 .» 


218 „ 


- 3 


12 


8-25 


139 »> 


294 n 


-155 


14 


lO'OO 


172 » 


260 „ 


- 88 


17 


lo-oo 


13 » 


„ 


+ 13 


27 


8-00 


282 „ 


109 „ 


4-173 


28 

-^OT. I 


6-50 


"3 »» 


• » 


4-113 


8-00 


., 


» 





I 


8-50 


47 » 


109 „ 


- 62 


I 

1 


lO'OO 


180 „ 


180 „ 





4 


9*oo 


97 » 


. » 


+ 97 



An alteration of the zero-point + half an hour, equal to about 
5^ miles, does not produce any improvement, and no reasonable 
^cordance between calculation and observation, can be made 
out. 

Mr. Fowle7\ In the face of the facts brought forward by Prof. 
Vogel, and the information I have received from Prof. Pickering, 
I feel bound to acknowledge that a Lyras cannot be a double star 
as I suggested in November last. The facts with regard to my 
photographs, however, remain ns I then stated them, and I have 
as yet no explanation to give of the phenomena. I have had en- 
largements made from some of the negatives, and I will pass them 
round with Prof. Pickering's photographs of (i Aurigoe. When 
compared the similarity wiU be Oi^ident to all of you. 

Since November I have not been able to obtain any photographs 
or to test the adiustments, mainly owing to the bad weather. The 

e2 
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lines in the photographs shown are separated equally on opposite 
sides of the normal position. With one exception the lines were 
not double in the spectra of other stars which I have photo- 
graphed with the same instruments. I have sent some of my 
negatives to Professor Pickering, and hope to get a satisfactory 
explanation from him. 

Captain Noble, I think perhaps the meeting would also like to 
have some explanation of the extraordinary discrepancies in mere 
calculation. Mr. Knobel has read Prof. Vogel's results, and they 
differ widely from those given in Mr. Fowler's paper, which I have 
before me. I do not know whether they use Walkingham's 
Arithmetic at South Kensington, or whether they calculate 
according to Cocker there, but at all events the discrepancy is very 
great. Th(^ younger Fellows of the Society will notice that this 

Saper is put forward as a mathematical demonstration of the 
uplicily of o Lyrae. The variations plotted in the astonishing 
diagram given are said to be represented by the curve of sines, with 
which tlu^y have really as much — or as little — to do as with the 
law of sky-signs, concerning which the London County Council 
has la1(4y issued an edict. The whole paper professes to prove 
itvM oonolusions on mathematical principles, and I think that Mr. 
b\)\N*hM* should satisfy the meeting by showing on the blackboard 
or (^Isowhon^ the formula' and mode of calculation by which he 
arrival at his quantities. 

Mi\ h\)wht\ I worked out my figures by the graphical method 
and laid no claim to grt^at accuracy. The paper was only intended 
to bt^ a pri^liminary one, and I hoj^ed to get more results and to be 
nblo to work out the conditions more accurately. On account of 
tho unfavourable cin*umstancos of working in London, I was very 
anxious that tho observations should l>o taken up elsewhere, and 
I am grj^titiini to find that tho matter ha^ been taken up in Paris, 
Potsdanu and Harvard. It now nnnains for me to determine why 
tho doubling of tho linos is sjxni'ial to the instruments I employed. 

}ff\ Katii/arii, I should like to ask Mr. Fowler how his prism 
is fastx>ttO\i in front of tho objoi*t-glass. One frequently learns 
frxnn ono*s mistaken AVo art^ froi^uontly near new discoveries 
w hon \vt^ havt* finind «>mothing wo do not understand. Is the 
prism olan^ptxi with screws^ si> that it may by any possibility be 
pinohiHl ? 8ucb a pinch, if tight enough, would give rise to a strain 
in tho stints which woxild cause it to behave Hke a crrstalline 
^twio(ur«[^ and give double refraction. 

.V',\ h\wlri\ \ do not think thotv^ is any possibility of pressure. 

.Vr, K^rmmnis Vou have s^-^me phoT<CTaphs in whicb they are 
aK^^hitx^ly sharp, and some in which they ai>e double ? 

Mi\ Kw/z-r, Vorv clearlv double, 

.Vr, AVwy<7:^?^ i>n gt^ng homo after iho moietiiig at which your 
ivmvr \>;!i.< r<i>ad 1 ox^^nnn^xi a phot^^CTaph given me bv the 
BtMJw^ Honry, ;M>d in tht>ir pholvyrnph tiie Hikw wereibsolutely 
^^hMT^ iind $^itu::l<e, I knv^ >Ktit<ie4^ to ti^em ^aiMse and ihsy have 
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■fcaken three other photographs of the spectrum of Vega, and in 
^ach case have found the lines absohitely sharp and single. They 
i-ise a large flint prism of 45° mounted on a board in a manner 
T^erj similar to yours, and I can understand if there was any 
I>ressure the glass might be made doubly refracting. 

-3fr. Fowler, Tes ; that seems possible. I only hope we shall 
learn something from the photographs, if it be only a source of 
error not suspected before. 

-Mr. Gregoi^y. I might throw out a suggestion as to the probable 
cause of error in Mr. Fowler's photographs — one that I thought 
lie would mention. Ab Kensington a lot of students use the 
Observatory, and they may have shifted the swing-back of the 
<5arnera, and it is possible that this caused the duplicity of the lines. 
I saw Mr. JFowler investigating the photographs previous to his 
^^^iximunication. He was as dubious about making it as any one 
^<^^Jid be, but in some of the photographs the lines were so sharp, 
^i^d in others the doubling was so obvious, that the duplex 
^ti^tracter of the star seemed beyond doubt. It is very probable, 
^^^ ^vever, that there is some source of error, and I think it is pro- 
"^^fcly a movement of the swing-back of the camera. 

JMr, Fowler. I may say that I never took a photograph without 
^*^^cking the position of the swing-back and of the focussing- 
®^-t*ew8. 

-Mr. Knohel. In this negative I fail to see any indication at all 
^^ duplicity. » . . 

JMr. Fowler. It is very difficult to see anything: oh. the negative 
^^ gas-light except under the microscope, and considerable expe- 
*-*^^nce is necessary to make out the details. 

A Fellow, I may make a suggestion that the doubling is due 
^^ halation — the reflection from- the back surface of the glass 
t^l;ate. '- ^ 

The President Then there ^ould be two false lines — one on 
^^ther side of the original line. The fine lines are said to be 
double here and the others are comparatively fuzzy, but they 
^^e broader. In any case halation would treble the line. 
A vote of thanks was passed to Prof. Vogel for his paper. 
Mr, Isaac Roberts then read a paper on "Photographic 
-Evidence of Variability in the Nucleus of the G-reat Nebula in 
-Andromeda." The paper was illustrated by means of the lantern. 
The photographs may be briefly summarized as follows: — 1885, 
'A.ugust 30, exposure 30 minutes, the nebula showed no stellar 
Nucleus, and the nova was near the centre; 1886, October 24, 
Exposure 73 minutes, faint stellar nucleus ; 1887, October 10, 
Exposure 3 hours, very faint stellar nucleus; 1887, November 15, 
Exposure 2 hours 35 minutes, no trace of stellar nucleus ; 1888, 
October i, exposure 2 hours, no stellar nucleus; 1888, October 2, 
Exposure 2 hours 32 minutes, no stellar nucleus ; 1888, December 
^9, exposure 4 hours, no stellar nucleus; 1890, October 12, ex- 
posure 3 hours 5 minutes, no stellar nucleus ; 1890, November x, 
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exposure 15 minutes, the nucleus is very strongly stellar; 1890, 
December 9, exposures 5 minutes, 15 minutes, and 60 minutes 
respectively, the nucleus is strongly stellar on each plat«. There 
can be no doubt from these photographs that the nebula has a 
variable stellar nucleus, and it is shown that this variability can be 
studied by short-exposure photographs, say 1 5 minutes each. 

Mr. Turner, I think one of the most satisfactory things to 
learn is that in the late inclement weather, during which most of 
us have been unable to do anything at all, Mr. Roberts in his new 
observatory at Crowborough has been able to take what he con- 
siders important photographs, and I am sure we can all congratulate 
him on those results. 

Copt, Nohle, In the majority of cases in which a stellar nucleus 
was visible the exposure was short, and the tendency of a short 
exposure is to produce an apparent stellar object and leave out 
the nebula. 

Mr, Roberts. Pardon me ; in one case of three hours exposure, 
and in another of one hour exposure, the stellar nuclei were 
shown. 

Gapt, Noble, Then my objection does not hold good. 

The President, I would ask Mr. Roberts if he would give a 
description of his observatory. 

Mr. Roberts, The observatory is placed on the summit of 
Crowborough HiU in Sussex, which is one of the highest points in 
the south of England, and commands the horizon around without 
material obstruction. The floor of the observatory is 780 ft. 7 in. 
above the sea-level. The whole of the buildings are erected on a 
level platform of concrete, the top of which is about 4 ft. above 
the ground, which slopes towards the S.E. The buildings are one 
story in height, and tbe floors are raised 15 in. above the platform 
or terrace, and are on one uniform level throughout. The limit 
to one story in height permits the telescope to be brought down to 
within 20° of the horizon when pointed over the roof of the house. 
The observatory is placed due south, and is 20 ft. square inside, 
with a transit-room opening from it on the west side. Adjoining 
the observatory on the north side is a physical laboratory and a 
chemical laboratory, with a dark room and photo-enlarging arrange- 
ments. These and the observatory are connected with the dwelling- 
house by a corridor, on one side of which is a mechanics' shop, 
heating chamber, and library. At the end of the corridor is the 
dwelling-house. The dome of the observatory is hemispherical 
and constructed with wood ribs, sheeted with wood and covered 
with copper. The dome has two slits each 3 ft. 8 in. in width, 
parallel with each other, and 24 in. between them. The shutters 
of the lower half of each slit slide horizontally round the dome, 
and the upper half slides upon and over the top of the dome, so 
that both slits can be opened the full breadth from the horizontal- 
to 18 in. beyond the zenith. By opening both slits the observatory^ 
is soon cooled down to the external temperature. But there i 
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one disadvantage in this dual-slit plan, for it gives the dome a 
pole which in some positions of the telescope is a little trouble- 
some. The Latitude of the observatory is 51° 3' 7" N. ; Longitude 
o o«» 37* E. The site of the observatory was selected after much 
enquiry and investigation as to the probability of the occurrence 
of numerous clear intervals of sky during the year, suitable for * 
the pursuit of stellar photography, and although it is premature 
to express a decided opinion, I am quite safe in stating that this 
locality is an improvement upon the former site of my observatory 
afc M^hull. It may interest some to know that I commenced the 
buildings, the observatory and house, in the month of September 
1889, and by September 1890 the buildings were finished and 
^^cupied, and some ten tons weight of telescopes, apparatus, and 
books was dismounted, conveyed, and re- erected on Orowborough 
Sill within twelve months' time. The photographic work was 
continued at Maghull till the month of June 1890, and resumed 
*^ Crowborough in the following October. 

^7ie President. I have been told that Mr. Eoberts's Observatory 
IS s4 pattern. It is full of all sorts of dodges and arrangements 
^^Hioh are not only ingenious but admirably adapted for their 
pnzTposes. I am only doing my duty to astronomy if I ask him 
^^ give us a much more detailed account of it, so that we may 
^^^■^cierstand all the arrangements he has made, and when oppor- 
*-^iixLty occurs we may take advantage of them. 

Gajpt. Nohh. I can endorse every word you have said as to the 
P^xrf action of the arrangements. I never saw anything more 
nesfcvitiful in my life. There is everything that can be of assistance 
^^ £i.stronomers, and one can only hope that the work in which he 
*^^»s so eminently distinguished himself at Maghull will be improved 
^I>oii in his new quarters. 

^Hie President. He seems to me to be most fortunate in his 

^^Av quarters, and I hope he will give us a fuller account of them. 

-3fr. Roberts. The best thing I can say is it wiU give me great 

ploasure to see any of the Pellows at Crowborough when the 

leather is fit. 

-3fr. Knohel. I hope Mr. Eoberts will consent to the President's 
^^^gestion and give us a more elaborate description of his observa- 
^^y ; and if so, perhaps we might defer the publication of the 
description until we have drawings, &c. 

^%« President. We will consider what Mr. Eoberts has told us 
^ ^ sort of whet to our appetite, and consider he is going to give 
^® Something more by-and-by. 

-^ Tote of thanks was passed to Mr. Eoberts for his papers. 
^ -^r. Tm*iier then read a paper on the Determination of the 
^^gitude Paris — G-reenwich. He said that in the year 1887 
J ^^^q^uest was made to the Astronomer-Eoyal by the officers of 
/^^ French G-eodetic Survey that the longitude of Paris and 
r^onwich might be redetermined. It had of course been deter- 
^*^**^^ before — as, for instance, early in the century by rocket 
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Higuak. Am soon as the electric telegraph was invented, this 
longitude formed the subject of one of the first experiments on the 
determination of longitudes by that means in 1854 ; and the result, 
obtained by the eye and ear method throughout, was 9"* 20'- 51, or 
a change of one whole second of time. Sir George Airy received 
a letter from Sir John Herschel asking whether this large correc- 
tion was to bo accepted, and he repHed that the accordance of the 
n^Nults was so good as to justify him in accepting the new result 
as almost correct. But since then some doubt had been thrown 
upon the correctness of this value. In 1872 the officers of the 
if .H. Coast Survey made a direct determination which gave a result 
9^' 2i**o, nearly o*'S different from that obtained in 1854. Again, 
thert^ wei'e various indirect determinations, as those vid Vienna, 
vid Honn, via Berlin, &c. There was, indeed, considerable diver- 
geuot^ of opinion about the proper longitude for Paris. It was 
nt>t a question of some lumdredths of a second, but of two or 
thiHH^ toutha at least. The Astronomer-Eoyal very promptly 
otilon^d into correspondence upon the subject, and it was arranged 
that the longitude should be redetermined, and that the parties to 
t ho riHlotormiuat ion should be the Grreenvvieh observers and the 
otHin>rs of the Fivnoh Geodetic Survey. The Paris Observatory 
i\>uUl not take part in it. It was arranged that four observers, 
two l^noh and two English, should share in the work, the 
observational portion of which was completed in 1888. The 
Fixnuih observers wore Colonel Bassot and Commandant Def- 
fori»ej«> who had had iH>nsiden\ble experience in longitude work 
in Al^nna; the KngUsli oWrvers were Mr. Lewis and himself 
(Mr, ruruor'i. The computations were just completed. The 
pivUminary disiuission showtni a wide divergence of nearly four 
unuhs of a s^wnd Ivtwi^en the n^ults obtained independently by 
I ho two uativn^s. It wjis thouirht at tirst there must be some 
uiistake in the <vmputatious. The English and French eomputa- 
tious had Kvu made ontir^^ly iudepoudently. Xo mistake was, 
hv^wx^wr, disvv>on\i after careful sonitiny, and it was then arranged 
thai ouo vH' the b\\u\oh I'^bcs^^rvers shoidd come to England and 
di^nis;^ tlxe rt'^^ult^i in ixuKvrt with the Endish Observers. In 
Jvuu^ Iast this \\a# done, and they again \i-ent through the whole 
vxt the vvmputatiou* ai\d cvndd not tiud any mistake. It was 
3iutvs<\^vunulv lovuul that the time determination at Piaiis and 
i^rvvuwWh \litTett\l bv a >ery lar^ amvHuit. f^ mof^ than could . 
U^ e\^xt^iu\l bv the ^vr^ivxnal ev^tiativKi i>t the two observers, 
which v^;i* vnt\*uuts:;MUiaIlY kuv>\\u. On further scnidnv it was 
tvHunl that the lewU vvf the Ftviivh itistrunienr wew somewhat 
*u:j^jW\Hi?^ tht^ t\^ult?i ^\er, bv th<^ tuivMr obtsenr^ition drSering 
sY^t^iiwtKtilN b) ^^ trvHU thvv?*:> iirtxeu by the strlvitn^ level, but 
:^':4 thoix* \^^5i tu^ exUeUvV tv^ s^Knv thcfc: :he nadir method was 
uu«\^ vvr^xvt tb.<fct\ the *5?ivut\^ l^\eL the ddwimi or the two results 
\v;a* 5Kk^^^^l Vbe Ktt^iyti ^wdl tv^sj^*:? w;*? 9*^ j«*^ bat the 
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tbe two detennmations being fully o'-ao. In making these lon^- 
tu.d.e-deterini nation 8, tlie English and l^Vench observers were 
changed from station to atjition. Were the French nadir obaerva- 
tions asaiuned corrett, and the striding-k-vel determinatioas in some 
unexplained ivay erroneous, the difference between the two reaulte 
would be reduced to o'-o4. The general result ot the whole series 
o£ observations was that it is not nearly so easy to determine the 
longitude as might be thought. It might be that the longitude 
was apparently variable like the latitude, as they had recently heard 
asseverated. There had been practically no independent check up 
to the present time on even fundamental longitudes, such aa could 
be obtained by making two independent determinations at the same 
time. The only other instance in which two independent determi- 
nations were made at the same time also resulted in a discordance 
between the two. He insisted very strongly upon the necessity 
of more attention being given to this matter, which might so easily 
be neglected now that attention was concentrated on the develop- 
ment of physical astronomy and photography. 

Ths President, We regret there has been a fiasco with regard 
to the determination of the longitude of Paris and Greenwich, 
but we hope some day it will be settled. 

The Astronomer-Royal. I might mention that n-e are hoping iu 
the present year to make a determination of the longitude of 
Montreal, and the eiperience we have had in this matter will be 
'ery uaefii! in that operatiou. After we have completed that 
determination, we shall be able, 1 hope, to take up again the re- 
^rmiaation of the longitude of Paiis. It has been a very dis- 
quieting thing that there should be this great discordance. The 
work has been carried out with all the precautions that could be 
BQggested by the long experience of the French observers, who 
liave hod a great deal of experience, both in Algeria and in various 
P&rta of Franee, and every appliance was used that could be 
snggeeted with a view of securing increased accuracy, but, not- 
jrithatanding that, we have this very large discordance iu two 
independent determinations carried on concurrently. 

The thanks of the Meeting were accorded to Mr. Turner for his 
paper. 

•%The Astronumer-Jioyal. There are two papers which are usually 
Mat from the Boyal Observatory to the yociety at this time of the 
year. The first is the results of observations of the occultation of 
"tars by the Moon and the phenomena of Jupiter's aatelKt«s, In 
™n9ef[uence of the low altitude of Jupiter during this year, there 
STs more discordances in the observations of the phenomena than 
would have been espected. We have endeavoured, whenever it is 

Joasible, to get observations by two observers of the phenomena of 
upihr's satellites, and in some cases there are very curious dis- 
cordances, which I think will indicate to some Fellows of the 
Bocietj who criticise the predictions of phenomena of Jupiter's 
Wtellites, that those observations are hable to a considerable amount 
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of uncertainty. The other paper is on spectroscopic results for 
the motions of stars in the line of sight, and the results generally 
show accordance with the previous determinations. There are, as 
usual, certain discrepancies which may be due to some remarkable 
orbital motion in stars, such as have been indicated recently, or 
they may be due to errors of observation. I should not like to 
pronounce any definite opinion upon this point. In particular 
cases I think there is a mixture of two causes of discordance. 
With reference to these, we hope in a short time to have the 28- 
inch refractor substituted for the. 13-inch, and then we shall be 
able to carry on these observations more effectively and get more 
accordant results. I have had a letter from Sir Howard Grubb to 
say that he has so far figured the 28-inch ob3ecl>-glass that the 
figuring appears to be perfect so far as 26 inches, and he hopes to 
be able very soon to get the outside inch of the circumference into 
good figure ; and I think we may look forward to having that 
object-glass mounted and at work in the present year, and then 
I trust we may be able to get more satisfactory results. 

A vote of thanks was passed for the papers. 

Mr, Knohel read a short note from a paper by Mr, Marih en- 
titled "A hst of published Lunar Sketches and Photographs arranged 
according to the Sun's position." 

A vote of thanks was passed to Mr. Marth for his paper. 

The following papers were announced : — 

Prof, H, O, Vogel, "Remarks on Mr. Fowler's note on the 
duplicity of a Lyrae." 

A, A, Eamhaut, " Observations on the Planets Victoria and 
Sappho made with the Meridian Circle at Dunsink." 

S. W. Burnham. " The Proper Motion of H 1968." 

Isaac Boherts. " Photographic evidence of Variability in the 
Nucleus of the G-reat Nebula in Andromeda." 

Isaac Roberts. '' Mr. Roberts's new Observatory on Crow- 
borough Hill, Sussex." 

A, Marth, "A List of published Lunar Sketches and Photographs 
arranged according to the Sun's position." 

Royal Observatory, Greenwich. " Spectroscopic Observations of 
the Motions of Stars in the Line of Sight made during the Tear 
1890." 

Royal Observatory, Greenwich, " Observations of Occultations of 
Stars by the Moon, and of Phenomena of Jupiter's Satellites, made 
during the Tear 1890." 

H. H, Turner, " Note on the recent determination of the Longi- 
tude of Paris." 

E, J, Stone, " A comparison between the Greenwich Observa- 
tions, 1887, and Hansen's Tables as corrected by Prof. Newcom 
and Mr. Stone." 

Professor Bhuban Mohan Bandy ojpadhyay, B,A,, F,R,I£ist,Soc 
Christian College, Lucknow, India ; Joseph Brooks^ Trigouometric^K 
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Survey of New South Wales, Lands Department, Sydney ; James 
S. Browne, 170 Sloane Street, S.W. ; Edward Tremlett Carter, 
Assoc. Inst. E.E.y 12 Princes Street, Hanover Square, W. ; Rev, A. 
L. Oortie, S.J., St. Bueno's College, St. Asaph, North Wales; 
William Bladen Croft, M.A,, 9 College Street, Winchester ; James 
(jrallcLgher, The Limes, Leyton, and St. George's House, Eastcheap, 
E.C. ; TLev. H. Gratton Guiness, D,D., FM.Hist.Soc., F.B.G.S., 
Harley House, Bow, and Ourbar, Derbyshire ; C. W. H. Jeavons, 
Horseley Place, Tipton, Staffordshire ; John Mitchell, Brockholes, 
Huddersfield ; William M. Pierson, San I'ranscisco, California, 
U.iS.A. ; James Lidderdale Scott, Shanghai, China; Arthur Laid- 
lata JSelby, M.A,, University College of South Wales and Mon- 
mouthshire, Cardiff ; Bev. Walter Sidgreaves, S.J., Director of 
^tojxyhurst College Observatory y Lancashire; John Peter George 
^rnxthy Sweyney Cliff, Coalport, Shropshire ; Arthur J. Walker, 
-N^ew College, Oxford, were duly elected ITellows of the Society. 

'i?he following Candidates were proposed for election as Fellows 
^^ the Society : — 

TJiomas Richard Clajpham, Gentleman, Austwick Hall, near Settle, 
Yorkshire (proposed by Herbert Sadler) ; Arthur Kennedy, Solicitor, 
^ Clement's Tnn, W.C. (proposed by J. E. Drower). 



BEITISH ASTEONOMICAL ASSOCIATION. 

^^HLiE second ordinary Meeting of the above Association was held 
m -Barnard's Inn Hall, Holborn, on Wednesday, Dec. 31, Captain 
^otle, P.E.A.S., the President, in the Chair. 

-Ajnong the presentations announced was a beautifully executed 
^^^Sraction-grating from Mr. John A. Brashear, of Allegheny, Pa., 
U.^.^,^ bearing a suitable inscription. 

The General Secretary (Mr. P. P. Duke, F.E.A.S.) announced 
"tHat 162 new Members had joined since the last Meeting, making 
^ total Membership of 489. Several additional names were 
*^acided in during the Meeting, this being the last day for the 
^tii-oltnent of Original Members. 

^^tr. Franks read a first report of his Section, that of Coloured 

K^^" Thirty-five stars in Cassiopeia and Camelus had been 

Observed ; about 45 observations on the average had been obtained 

?^ ^ach star. A number of comparison estimates of Polaris had 

^^^O. made for the purpose of obtaining the " colour equation'' of 

®^li observer, but unfortunately it had been found that variations 

^*- I^olaris appeared to be less between different obsen^ers on the 

®^itio night than by the same observer on different nights. 

.j^^^^fij. Waugh's report of the Jupiter Section was read by 

'^^- Cottam (Secretary to the Sections). The report contained, 

**«iong8t other interesting matter, an account by Mr. A. Stanley 
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Williams of a dark transit of Satellite No. i on July 26, when the 
shadow of the satellite appeared double. 

The President remarked that the observers at the Lick Obser- 
vatory thought that they had observed this satellite double or else 
that it was crossed by a very dark band. 

Mr. Sadler believed that Sir James South had observed dupli- 
cate shadows of No. i Satellite. 

Mr. G-reen then delivered a lecture on the Canals of Mars, 
illustrated by lantern reproductions of drawings by Schiaparelli, 
Boeddicker, Maunder, and himseB. Mr. Green doabted the accu- 
racy of Schiaparelli's canal-like markings, and pointed out that it 
was one thing to be able to see an object and another to be able 
to draw it correctly and artistically. He illustrated his point by 
presenting lantern-views of three of Schiaparelli's drawings of 
the Kaiser Sea made respectively in 1877, 1879, ^-nd 1882, and for 
comparison with them drawings of the same object made in the 
same years by Boeddicker, Maunder, and himself, and pointed out 
that, contrary to what might have been reasonably expected, the 
three drawings by the three different observers resembled each 
other much more closely than the three by Schiaparelli himself. 
The same point, he said, could have been established from the 
drawings of De la Eue, Lockyer, Trouvelot, Terby, Knobel, 
Neisten, and Kaiser, all of whom had drawn this region practi- 
cally in the same way. He concluded by repeating that his 
criticism of Schiaparelli applied, not to his competency as an 
observer, but to his skill as a draughtsman and an artist. 

The President remarked that he had never observed anything at 
all resembling Schiaparelli's canals on Mars. 

Mr. Sadler urged that Schiaparelli was a very gifted astronomer, 
and in particular a first-class double-star observer, and suggested 
that possibly atmospheric changes, such as clouds and snowstorms, 
might account for the altered appearances. 

Mr. Lawson remarked that geological changes of seas and con- 
tinents might be taking place on Mars as they had done on our 
Earth. 

Mr. Maunder (in reply to a question) stated that he had ob- 
served a few of the canals as delicate faint shaded lines, but never 
double ; he added that the Kaiser Sea was indicated in drawings by 
Hooke and Huyghens more than 200 years ago, 

Tke following papers were announced : — Two papers by Herr 
J. Plassmann — the first on " Algol," the second on "\Tauri;" 
Mr. Espin on " Three new Eed Stars ; " Mr. Monck on " The 
Connection between Meteors and Comets ; " Mr. J. Webb on 
" The Observatory of the late Mr. James Nasmyth." Two papers- 
" Observations of the Spectra of the Sun-spots," by the Eev. A. L 
Cortie, and *' Some Notes on the Solar Prominences of 1890," bj^ 
Mr. J. Evershed, Jun., were postponed to the next meeting. 



"Pdo- ^S91.] Celestial Spectrum Analysis. 85 

ANNUAL MEETING OF THE EOYAL 
METEOEOLOGICAL SOCIETY. 

Wednesday, January 21. 

Mb. W. H. Diiois, B.A., Vice-President, in the Chair. 

Dk. Tbipb read the Eeport of the Council, which stated that the 
progress of the Society during the past year had been of a satis- 
factory character. Among the investigations carried on by the 
Society are the following : — The organization of a large number of 
meteorological stations, the observations from which are examined 
?^d reduced by the staff and printed in the 'Meteorological 
■Record ' ; the regular inspection of these stations by the Assistant 
Secretary ; the collection and discussion of Phenological Ob- 
servations ; and an enquiry into the Thunderstorms of 1888 and 
1^89. An Exhibition of Instruments is held annually in March. 
■during the year, a complete Catalogue of the Library, extending 
^o 2 2 2 pages, has been compiled and published. The Library has 
?P much overgrown the present limited accommodation, that the 
Council have been obliged to consider the question of obtaining 
^ore commodious rooms, and have consequently inaugurated a 
' ^ew Premises Fund,'' which is being well supported by the 
Fellows. 

-A^ter the adoption of the Eeport, the Officers and Council for 
i^lie ensuing year were elected. 

-A.t the Ordinary Meeting the following papers were read : — 

1 • " Note on a Peculiar Development of Cirrus Cloud observed 
^^ Southern Switzerland," by Mr. E. H. Scott. 

2 . " Some Eemarks on Dew," by Col. W. F. Badgley. These 
^^^ motes on observations which were made to discover whether all 
clew is deposited from the air, or if some also comes from the earth 
?'^<i plants, and also what quantity is formed during the year. 
-■- H^ conclusions which the author deduces from his observations 
^^^ - — (i) that the earth always exhales w^ater-vapour by night, 
^^d probably a greater quantity by day ; (2) that the quantity of 
^y^ter-vapour given off by the earth is always considerable, and 

:^^t; any variation in the quantity is mainly due to the season of 

^ year; (3) that the greater part of the dew comes from the 

^^ ^^^ h- vapour ; and (4) that plants exhale water- vapour and do 

-^^o-fc exude moisture. The total quantity of dew collected on the 

^^"fclior's grass plates in the year was 1*6147 inch. 



Celestial Spectrum Analysis *. 

/^ *^32 Potsdam observers have long been honourably known as 
^"tx^ophysicists who are also in the strictest sense astronomers ; 

'^ Die Speetralanalyse der Q^stirne. Von Dr. J. Scheiner. Mit eineiii 

^^.^^'^orte Ton Profefwor H. 0. Vogel. Leipzig : Verlag von Wilhelui Eiigol- 
^*^*Xn, 1890. 
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and the literary embodiment of the activity of Potsdam on its most 
significant side, now offered to the world by Dr. Scheiner, shares 
the same satisfactory character. His work is thoroughly scientific. 
The reasonings contained in it are logical deductions from estab- 
lished principles ; the facts are in general stated \vith the utmost 
practicable definiteness. Disagreements of fact with theory where 
they exist (and they are, in the present state of knowledge, in- 
evitable), are honestly, if at times somewhat regretfully, allowed to 
be seen. They must indeed be unwelcome to the natural human 
impatience which sur\ives even in the breast of an astronomer ; 
but to serious students, open contradiction between phenomena 
and their theoretical explanation is infinitely preferable to a 
specious conformity, brought about by illegitimate means. 

The methods, too, elaborately described by Dr. Scheiner from 
intimate personal knowledge, are marked, in every detail, by that 
laborious striving towards absolute accuracy through which the 
" new astronomy '' has been rescued from the slough of loose 
conjecture and vague identification. The danger was imminent 
that its promising career might there end; since the data it 
afforded were liable to subtly compromising errors of novel kinds 
against which no established safeguards were at hand. But 
enthusiasm, kindled by the splendour of the half-opened prospect, 
combined with the unrelenting intolerance of error traditional in 
the older branch of the science to stimulate ingenuity ; and by the 
separate, often minute efforts inspired by a common impulse 
towards a single end, the situation was saved. 

The results of the victory, up to the present, so far as spectrum 
analysis is concerned, are collected in the work before us. It is 
divided into four parts, of which the first and second deal with 
the subject in its practical and theoretical aspects ; the third states 
the facts ascertained by the means described in Part I. and seeks 
to interpret them by the principles enunciated in Part II. ; while 
the fourth consists wholly of tabulated information. This is 
supplied with most praiseworthy lavishness. A table of lines in 
the visible solar spectrum contains 2614 measured by Vogel at 
Potsdam, besides 1406 further towards the red (here first pub- 
lished), determined by MM. Miiller and Kempf with a large 
Eowland grating from the top of the Sentis, hence with slight 
disturbance from terrestrial atmospheric absorption. Unfortu- 
nately, however, the wave-lengths are given on a Potsdam scale, 
the introduction of which is equally unnecessary nnd undesirable. 
Angstrom's scale cannot, of course, be permanently retained ; but 
Kowland's is its destined successor, and the multiplication of 
standards should be strenuously resisted. Captain Abney's wave- 
lengths for 590 lines in the infra-red solar spectrum form Table 
II.; Thalen's for 1204 components of the iron-spectrum follow ; 
and in Table IV., stars with banded spectra, of both types, are 
jointly catalogued to the number of 994. A classified bibliography 
forms a useful Appendix. . 

Among the numerous data included in the body of the work 
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those relating to stpUar radial movemeiits have a special interest, 
as affording n conspectus of all extant results of the kind, from 
Dr. Hugpins's epoch -niakiug experiments, through the long series 
ol Greenwich and Eugby visual measures, to the Potsdain photo- 
graphic determinations of twenty-two Btars, mostly of the solar 
type. These give an nverage velocity in the line of sight of lo^ 
English miles, Atiieliaran, with a receding speed of 2°i tuil^s per 
second, lieiiig the most rapid of the collection, Arcturua and 
a Cjgui come out with the uneipectedly slow rates of approach of 
only 4'9 and yj miles respectively ; yet the ascription to the 
former at Tulso Hill and Greenwich of a velocity of about 50 
miles seemed in great measure justified by the plates eiposed with 
the first Potsdam apparatus in the early part of 1888 *. A 
practical certainty, none the less, that the star is really lessening 
its distance from us by less than live miles a second, baa been 
afforded by Mr. Keeier's independent measurement of the D lines 



in its spectrum on four nights of last summer. The various 
determinations of Procyon also present curious anomalies. Dr. 
Huggins found it, in 1S67, to be approaching at very nearly the 
rate estabhshed for it at Potsdam in 1890 of 6' 7 miles a second; 
while spectrcgraphjc impressions of 1S8S showed it, in conformity 
wifli Dr. Vogel's measures in 1871, as in eitremely rapid retreat 
from the Earth, It is to he regretted that the presence of 
such grave discrepancies has not prompted Dr. Scbeiner to under- 
take a discussion of them which would certainly have been instruc- 
tive, and might have proved reassuring. 

His postulate that the widening of the hydrogen lines in the 
spectra of Sinus and its congeners is due to their possession of 
very extensive atmospheres, needs proof. The spindle-shaped and 
downward pointed contour of the D, line, as viewed with a slit 
radial to the edge of the Hunt, emphasizes the risk of dealing 
at all confidently with the causes of spectral distensions. Pos- 
sibly, however, the Algol stars will help to decide the point. For 
some of them, such as V Ophiuchi and S Antliffi, may turn out 
to be revolving in such close contiguity as actually to leave no 
room for far-spreadiiig gaseous surroundings ; while their pos- 
session by the eclipsing body should be betrayed by fluctuations 
in absorptive action, as yet undetected. 

The opinion, favoured by our author, that bright lines in stellar 
spectra are a mere effect of preponderance in CKtent of an atmo- 
spheric over a photospherio radiating surface, is obviously irre- 
concilable with the fact, nell-ascertained in two noted instances, 
of their vaiiability. Nor can the system of classification, by 'which 
g^eous stars are attached as three distinct subordinate varieties to 
the three chief spectra! orders, be deemed commendable unless it 
be regarded as provisional. No definitive arrangement of tbem 
should indeed as yet be attempted. 

36 ; Schemer, Die SpootmlttnalyM, 
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On a few of the points touched upon in the valuable treatise 
before us, rectifications suggest themselves as desirable. Thus, at 
p. 242, the relations of aspect and brightness in the Pons-Brooks 
Comet are reversed. Normally faint and diffuse, it assumed 
stellar sharpness during its outbursts of light on September 22, 
1883, and January i, 1884*. Moreover, Dr. Huggins's recog- 
nition of the true quality of cometary light as exemplified in 
AVinnecke's Comet (1868) ought to have been, but is not, 
mentioned at p. 227 ; while the same observer is credited (p. 214) 
with holding the view, explicitly disavowed by him in 1867 t, that 
the red colour of Mars is of atmospheric origin. Dr. Scheiner 
makes no mention of the blue line at about 469'*'*, recorded by 
Drs. Huggina and Copeland in three planetary nebulaB (G-en. Cat. 
4964, and two in Cygnus). Yet it is of pecufiar significance from 
its probable identity with the blue band of the Wolf-Rayet stars, 
as well as with a line temporarily radiated by Nova Cygni. 
Finally, the sur^saval, in a work of such importance, of the nitrogen- 
association of the chief nebular line, is particularly unfortunate 
just now, when the question of its origin is under close investi^ 
gation. Dr. Huggins in particular, cited as the leading authority 
for the identification, observed indeed in 1864 and subsequently, a 
** sensible coincidence" between the green ray common to all 
gaseous nebulic and the brightest air-Hne, but never unreservedly 
adopted a chemical interpretation of an agreement which his own 
later I'eseawhes have shown to be merely approximate ; and for 
many years past has used the nitrogen-line equally with the 
adjacent lead-liue, simply as a convenient standard of reference. 

The oivurronce, ho^^ ever, of a fe^^• minor blemishes does not 
seriously impair the usefulness of a production which ought to 
ser>t^ — either in the oriirinal or translated — as a text-book to every 
worker in sidereal physios. The want of such a one, long felt, is 
now ably supplied. A woril of praise may be added for the simple 
and st might forward style in which it is written. The vices of 
oundn-ousness and complication, too prevalent in German scientific 
liten>tim\ aiv happily avoiileil ; there are few, or no "wounded 
snake'* sentences to Ih> found in it, nor any of the mots iJCenfliire 
which rascal detesttnl. Some n^ally exquisite reproductions of 
plu>ti>i;nipheil stelhvr sjHvtra are exhibiteil in two plates at the end 
of the volume, A. M. Clzrke. 



Comet'Set^ktni; at BrisioL 

Tub folKnviui: summary for the last eightet^n months may not be 
aUv>i^^ther witlHuit i tit en^st, though the results are meagre, the 
oWrvatuxus ha\iug Uvu much iuterrupttnl by my iU-health. The 
iustrumont us^\l was a lo-iuch s^UverHUi-glass retlector, powers 32, 
40y and 60, with tiolds ixf 75', 65', and 50' rei^pectively. 

* A$tr. Niw'h, N^^Hk i5i;j, aj^i^, f Monlb. KoU-w, ^vjL xstu. ^ i8o. 
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dumber of niglits of ob8er7!itiou 78 

Houra oi: observation 155I 

Telescopic meteors observed 141 

New comets discovered i 

New jiebulffi discovered 10 

During the progress of fclie work I also recorded 16 brilliant 
naked-eye meteora. It may be worth while referring more i'ully 
to the individual results. 

Teletcopie Mtttort. — 1 Bad that during the last half of the year 
about one meteor per hour is seen in tlie comet-seeker, but during 
tbe first half the number is more scanty, the average being one in 
two hours. This accorda with the relative freqiiencyof naked-eye 
meteors, and provea that the two classes of these objects are 
identical as regards the variations in their distribution over the 
year. My former estimate that telescopic meteors are more 
frequent than naked-eye meteors in the proportion of about 22 to 
'jisoonfirmed by these recent observations. The opinion that the 
lornier are at great heights in the terrestrial atmosphere, appears 
very probable from their slow motions and short courses. Many 
of them exhibit curved paths, though this feature is not often 
narked in regard to naked-eye meteors. 

New Conirt. — Comet c, i8go, was discovered on July 23. It 
was a. small faint nebulosity, in about 228° +78°, and moving 
southwards nearly 1° per day. It was seen at Nice on July 24 
aad 25, at Mount Hamilton on July 35, and at many other 
obflervatories. The perihelion was attained on Sept. 24, at which 
time the comet was situated near S Serpentis, and nearly twice aa 
bright as on the date of discovery. Prof, E. E. Baraard, with the 
rz-inch refractor at the Lick Observatory, made a valuable and 
numerous series of observations estending over the period from 
July 25 to October 6, and his results were published in No. 228 of 
Gould's ' Astronomical Journal.' Prof, Barnard notes tiiat " the 
cornet remained a faint object throughout the observations. In 
July and August it had a small stellar nucleus of the t3th magni- 
tude, and a faint diffused tail." Prof. Lewis Swifr, with the 
16-ioch refractor at Eocbester, N.T., observed the comet on three 
occasions, and says that " it had a s)iort, broad tail." Prof. W. B, 
Brooks, with the lo^inch refractor at Phelps, N.T., saw the 
comet on August 12 and 16, and found it "faintish but not difG- 
cult.." A parabolic orbit satisfies the observations. After its peri- 
helion the comet passed rapidly into the southern hemisphere. 

Jfcvi A'ebiike. — Ten new nebula* were discovered, all of them in, 
or on the borders of, Camelopardus, and not far from the north 
pole. A list of tlieae objects was given in the ' Monthly Notices ' 
of the B.A.H., December 1890, p. 96. Eight of the nebulse 
enumerated are tolerably conspicuous; with a power of 60, and 
might be seen with a. much smaller aperture than id inches. I 
met with no new nebulie in places far distant from the pole, ani 
there is no doubt that the circumpolar region is a promi^sing one 

TOL, XIT. II 
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for further discoveries. It appears to have been much neglected 
owing to the difficulty of using large equatoreals upon it. Other 
portions of the firmament have been pretty thoroughly swept, and 
there are comparatively few nebulae (plain enough to be picked up 
with the instruments and powers usually employed in comet- 
seeking) that still await detection. The space surrounding the 
pole certainly needs a closer examination than it has hitherto 
received, for although the more prominent objects are already 
catalogued, many others must remain which are fairly distinct in 
moderate apertures. 

It is often the case that several nebulae are clustered near to- 
gether. Whenever a new one is discovered the surrounding region 
should therefore be carefully surveyed in search of others. The 
space immediately outlying known objects may also be regarded 
as prolific ground for new discoveries. Several of the nebulae 
recently discovered at Bristol are close to known objects ; thus, on 
Nov. 7, 1890, 1 encountered Tem pel's pretty large, pretty bright 
nebula at R.A. y*^ 5*" 24", N.P.D. 9° 34-6 (N.G.C. 2336), and on 
examining the region near, soon alighted upon another, 22' SSf., 
which had btn^n previously overlooked. I find that after several 
hours ^^i comet-seeking, faint nebulae, scarcely obvious at the com- 
nuMUn»nu^nt of work, become very easy objects, the eye being in a 
much botU^r condition to receive feeble impressions. 

Nakrd-riff MrUors, — Several fii-eballs and bright flashing meteors 
wert^ swn casually, and their paths registered with as much accu- 
racy a>« circun»stanoes allowed. Some of these meteors were 
rtH*ortled at other places, but the published descriptions are not 
suificiently definite to enable their real paths to be ascertained. 
If telesci>pic observers would always pause to record the large 
meteiJrs which CKTUvsionaily obtrude on their attention, we should 
stK>n pO!«8t\««s a valuable mass of materials. Nearly all the fireballs 
esoapo satisfactory investigation owing to the lack of details in the 
iu*tH>unts of oWrvors. The ap^iarent course amongst the strs 
wul the duration of flight should always be given as correctlyas 
jHKvsible, AV. F. Dexxino. 



7%f Chi'tnmK^fihrrr in 1889 and 1890. 

T\»K following tabh\< tHkon in conjunct ion with the corresponding 
t^Wc tor iSSS* ix^umunicAiiHl to the * Ohn^rvarorr ' by the late 
V^thor IVrry ^M^n^h iSSo\ show that the jvriod ot' least dis- 
tartvitux^ of the ohriMUvViphcn* iWeroii tht» 12 months of the year 
18S0* «it U>i^j^t so fjir Ji;* the sm;ill number of observatious allow. 

A miMrk<\i ch;it\gt^ ap|HNirs in J^miuur)* 1S90. with a decided 
UMuk^ncv l\^ ;a r^iuid incwmi^aeof aothity.oc^pccijJly in extent^on the 
UmK nat uuKMrtuiiM^v the bi$t two mcviths of the vear 
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■were lost through the escessiie cloudiness of the season ami the 
ili-health of two assifltaTita. 

The mean height of the (■hromosphere remains, as has been 
already uoted in past years, very conataot ; but it is uot without 
lofal variations. The range or difference between the highest and 
lowest measurements of the chromoapheric. depth was between 
a" and 3" of arc on eight days, and between 3" and 4" on two days 
of 18S9. And in 1890 we find the range between 2'' and 3" 
on nine days ; between 3" and 4" on four days ; between 4" and 
S" on two davs, between 5" and 6 on three days , and between 
6" and 7 on three dnys 

Occasionally an eiteuded depression of the chroinosphere has 
been obaerved near the solar equator la 1889 this depression 
was noted m the same locahty, on the and, <\i\\, 6th and 7th of 
May. And assuniini; that the depression remained continuous 
during the internal o£ five days, its area was \ery great, ha\ing a 
mean extentin latitude of 40° and a total length in longitude not 
leas than 66°, Another esteusive depression is recorded for May 23, 
25, and again for June 6, 8. In 1S90 we find two coexisting de- 
pressions at the beginning of April between the ist and 4th day — 
one on the preceding, the other on the following limb. 

atonjhurst College Obeerratorj, Walter Sibobeaves. 

The Chromosphere in 1889, 
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Tftc Great Eccentricities of the Stellar Orbits. 
The marked contrast between the small eiceutricities of the 
orbits of the planetary system and the high excentricities of the 
orbits of binary stars is well known. The arithmetic mean ex- 
ceutricity of 50 of the best stellar orbits hitherto computed is 
nearly five-tenths, while the mean eiceutrielty for the planetary 
orbits is less than one-tenth of this fraction. The highest stell^ 
excentricifcy known is that of the orbit of y Virginis, which is 
nine-tent.hs, or almost us high as that of the orbit of Halley's 
comet. Beyond question theae great excentricities have been 
developed by the continual action of some physical cause. A 
rigorous dynamical investigation, too long and difficult to detail 
Here, has led the \vriter to the conclusion that the great eccen- 
tricities observed have arisen from the continual action o£ tidal 
friction. It is not difficult to show that where the time of invo- 
lution exceeds that of rotation the excentricity of the orbit will 
generally increase. And the great importance of the action of 
tidal friction in the binary systems will be evident when we 
temember that these are systems composed of two itars vtxy 
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much like our Sun, and that the component atara of u sjatera are 
always relatively of the same order of mass. The planets, on the 
contrary, are of an entirely different order of mass from that of 
our Sun ; and, as Prof. Q. H. Darwin haa shown, tidal friction has 
not been of the first importance in the evolution of the planetary 
syBt^ni. But the independent invealigation above mentioned, 
wherein the writer has followed methods somewhat analogous tn, 
but also eonaiderabiy different from, those of Prof. Darwin, seems 
to show beyond douht that the secular action of tidal friction 
boa been of the highest importunes in the history of binary 
aystemB. From this research it appears most highly probable that 
a binary star waa formerly a single nebula, tbat It split up into a 
double nebula, and that finally the double nebula separated into 
two comparable masses, whence by the continual operation of tidal 
friction the components were wound off to a great mean distance, . 
where they continue to revolve in an orbit greatly enlarged and. 1 
made very excentric by the action of tidal friction in the bodies of J 
the stars. It \?. remarkable that if the separation has taken plat 
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in this way— M'hioh would imply that both stars rotate in the same 
sense in which they revolve — the tidal reaction of either star t-enda 
to increase both the mean dtBtance aad the exceutricity of the 
orbit. The rigorous matheniatiL-al method by which theae con- 
clusious have been reached wiU be published in due time; t^ 
object of this not* «ill have been achieved, however, if ifc serves to 
indicate the great importance of the action of tidal friction in a 
system of two large fluid bodies comparable in mass, and to point 
out to astronomers the physical meaning of the hitherto per- 
plexing high escentricities of the stellar orbits. The binary 
systems are therefore radically different from the solar system in 
two respects : — 

I . Tlie high eaxentrieiti^ of their orhiU. — A table of 50 of tbe best 
orbits presents every phase of elongation from almost planetary 
circularity, on the one band, to an eccentricity almost equal lo 
that of KaUey's comet on the other. 

a. The relatively lari/e mnns-ratio of the components of a »y»ttm, — 
This latter characteristiL' ensures great predominance to the tidal 
forces, more especially in ]]ttst ages when the stars now widely 
separatfid were closer together and more expanded in volume. It 
is also to be observed that where the masses are comparable, either 
star exercises on important tidaJ reaction 011 the other, and this 
renders the investigation of their history i-ery diffifult. In 
treating of the binary stars the tidal reaction on the svsfem 
arising from the rotation of the smaller body cannot be neglected. 

Finally, the writer begs to add that the research into the history 
of the binaries has led him lo intei'esting conelusions respecting 
the process by which a single nebula splits up into two comiiai'able 
masses, and the system eventually develops into a binary star. 
A discussion of this process will, however, be reserved for another 
article, and at present we may merely remark that the general 
process of cosmic evolution seems to be that exemplified in tliedouble 
iiebuliE and the binary stars. The dei'elopmeut of the solar system 
seems to have been an exception and not the rule. From these con- 
siderations the writer would venture the opinion that investigators 
of cosmogony who have looked upon the solar system as typical 
of the general process of cosmic development, and proceeded 
therefore to investigate stellar evolution in general, have pursued 
an erroneous path. Any safe basis for cosmico] speculation must 
be reached through a study of the binary systems and not through 
an investigation of our own remarkable planetary system. All the 
stellar systems hitherto discovered hj« mdically different from our 
own ; and we may even affirm that if systems such as tbe planetary 
system exist in the heavens, Ihey ha^'e at least not yet been dis- 
covered. So that whilst we do not say that there are no other plane- 
tary systems — composed of one great central body surrounded by 
insignificant planets — we ha\'e at least no knowledge of such, and 
can merely affirm that all the known stellar systems are of an 
entirely diilerent character. If the conclnsions here indicated bo 
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correct, and there seems to be no doubt in the minds of several 
astronomers to whom the writer has presented the original work, 
we perceive that no small amount of new light will be thrown 
upon many points of stellar cosmogony which hitherto have been 
very obscure. T. J. J. See. 

University, Berlin, Prussia, 1891, Jan. 20. 



Selenographical Notes. 

LTiiq^AE Photogeaphy. — Through fhe courtesy of Dr. Holden, I 
have received a silver print of an enlargement of a negative taken 
h Burnham with the great Lick telescope, 1890, August 31, 

14 27*** P.S.T., which may be regarded as the most successful and 
valuable work of its kind which the camera has yet accomplished in 
the fiel(] Qf selenography. It represents that portion of the Moon's 
surface extending from Cieomedes on the north to Vendelinus A on 
^e south ; on the west the evening terminator grazes the west wall 
?k ^*^8^*6^^8 and the western side of the Mare Crisium, while on 
ne east the picture includes Isidorus and Romer. It is the result 
5r *^ enlargement of three times of the original negative, and shows 
•ne jtfare rather more than two inches in extreme length. In spite 
t the inevitable exaggeration of half-tones, the profusion of objects 
*} the compUcated border and on the eastern side of the floor, with 
i^i'ce. Pierce A, and the light streaks, is shown with marvellous 
€ielity. Taruntius, with its inner concentric ring, Macrobius with 
^® detail on its floor and wall, the triple central mountain of 
*©omedes and the associated group of craters (A) on the northern 
4|iarter of its interior, and other depressions within its border, are 
y^^ brought out with extraordinary sharpness. The magnificent ring 
/^^grenus on the evening terminator is likewise reproduced with 
^'Oirable distinctness. Messier and Messier A, with the comet-like 
- ^^aks on the east of the pair and the surrounding craterlets and 
^int markings, show what may be done with respect to objects of 
^, ^'^aller and more delicate type. This print leads one to hope 
J^*^ the achievements of the camera in the future may surpass the 
• . ^^ sanguine expectations, though we may have long to wait ere 
^Ucceeds in portraying delicate clefts and other minute detail 
'^^ealed to the eye. 

^AKTBECH. — The bright plain lying between Fracastorius and the 

r^Uthem end of the Mare Foecunditatis is remarkably deficient in 

^^^^ures of interest, Santbech being the only foraiation of any size 

prominence which diversifies an otherwise barren region — a cir- 

/^^stance which perhaps renders this ring-plain more noticeable 

?^ imposing than would be the case if there were other conspicuous 

I *^3^ts associated with it. It is a noteworthy formation, neverthe- 

^**^, some 50 miles in diameter, presenting, both at sunrise and 

^^isefc, a fine picture with a moderately high power, and exhibiting 
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many interesting features to the selenographer, though in many 
respects it is seen to best advantage when the Sun is setting. Under 
these latter conditions, there are few formations. of its class which 
a:fford a more instructive example of a wide glacis or counterscarp, the 
slope of the eastern wall extending at least six or seven miles before 
it finally makes junction with the surrounding plain. The irre- 
gularity of the line marking the union of slope and plain is also 
worthy of note, especially on the north-east, where it displays 
a scalloped outline, due 'doubtless to the shape of the ground. On 
the south and south-east the slope runs out to a distance of at least 
ten miles from the summit of the wall, and exhibits indications of 
landslips in two or three places. Neison gives the height of this 
wall as 15,113 feet above the interior — a measurement which, 
shough some 2000 feet in excess of Schmidt's value, affords a slight 
idea of the vast scale on which it is raised. The west wall approaches 
T 0,000 feet in altitude, so that this formation may be classed among 
those which have the loftiest borders. Near the summit of the east 
wall stands a bright large crater of no great depth, which is not 
shown by Neison, and drawn much too far to the north by Madler, 
if the prominent object he shows on the north-east side of the ring 
is intended for it. At the foot of the northern outer slope of the 
border is a large horseshoe-shaped cavity, like a deep crater, with 
its north wall destroyed ; and adjoining this on the north is a 
complete crater, somewhat smaller, standing at the southern end of 
a wide valley leading towards Colombo. It is very strange that 
neither Madler nor Neison show a trace of the large bright depres- 
sion which figures on or very near the summit of the giant peak on 
the west wall, as, at sunset especially, when this wall is on the ter- 
minator, it is so conspicuous, through causing a notable projection 
in the black shadow, that one would think it could not possibly be 
overlooked. The abnormal darkness of the tone of the monotonous 
plain on the east of Santbech under a low evening Sun and the 
brightness of the same area under a more vertical illumination is a 
phenomenon awaiting explanation. There is no doubt as to the 
fact. Though the plain is undoubtedly devoid of any lofty hills or 
even ridges of magnitude, there are many low mounds and minor 
irregularities, but nothing apparently which can account for the 
district resembling a Mare in colour for a few hours under an 
oblique light and a bright highland at other times. Santbech c is 
a very small ring-plain on the south-east, worth examining, with 
a minute crater on its western flank. North of this are two short 
crater-rows, each consisting of three craters Adjoining the we^t 
side of that nearer Santbech is a curious large, dark, ill-defined spot 
of a doubtful nature ; and between this and Santbech two large 
circular depressions, resembling ** veiled rings," which give one the 
idea that they have been partially obscured by subsequent deposits 
of some kind or other. Thos. Gwtn Elgeb. 

Beaumont House, Shakespeare Eioad, 
Bedford, 1891, Jan. 16. 
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CORRESPONDENCE. 

To the Edltars of ' The Observatory.' 
U and T Taun. 

Q-BK TLBMEN, 

Keference is made in Miss Gierke's uharmingly written 

volume 'The Syatein of tlie Stars' (p. 183) to a star whi'jh his 

observations in i86z led the late Mr. Baxendell to regard as 

vuriable with a range of rather more than a magnitude, and whith 

was lettered by him U Tauri. The star in question is D.M.+ 

'9'^'7°5i 9'4 mag,, its place for iSsg-o beinj( R.A. 4" 13° 3d*"9, Deci. 

+ tg" z8'-i. The star was first observed by me nn Nov. 30, 1863, 

when I thought it to be of about 9 magnitude. After observing 

it oocaaionally in the several following years as a single star, I 

found it on Dec. 4, 1867, to be a moderately close double, the 

compouents equal or nearly so, and measures with the filar 

micrometer on Dec. 5, 1867, and I'eb. 6, 1868, gave P=a2''-io or 

202°- 10 and D=3"'io, the measured distances being larger than 

my estimateB had led me to expect. From a note on p. 3 of 

Schonfeld's ' Zweiter Catalog von veriinderhchen Sternen,' the 

Stat appears tfl have been seen double by D' Arrest in the same 

year, J867, and obaerpatious by Prof. Schiinfeld, and Dr. Tietjen 

with the Berlin refractor on March 21, 1871, gave an estimated 

distance for the components of 4^'', with position-angle igo°, the 

southern star being shghtly the fainter of the two. 

I have bad the atar under oeoasional observation up to the 
present year, and have generally noted the magnitude of the 
components, viewed with a low power as one star, about g-^, 
occasionally a lew tenths brighter. There is no decided colour, 
with the exception of au observation on Oct. ig, 1567, when I 
have the note '' slightly ruddy." The components have geiieraily 
appeared to be very nearlyequal in magnitude, though the s.p. star 
has on many occasions been rated as slightly the larger. On 
two occasions only, Oct. 15 and Dec. 3, 1879, has the ii.f. com- 
pouent appeared slightly the brighter of the two. On Dec. 12, 
1888, thes.^. atar was noted "slightly ruddy." Assuming 9-4 as 
the combined magoitude of the pair, the magnitude of each 
component would he about lo-s. Ho far as my own observations 
are concerned there would appear to be no decided evidence of 
change in the magnil.ude uf the star, and I believe that the late 
Mr. Baxendell was inclined to doubt whether there may not have 
been some error in his earlier observations. I hope, however, to 
keep it under occasional observation. 

About 17' to the south, of U Tauri, 10' /. lies Hind's 
remarkable variable T Tauri, D.M. + i9°'7o6, closely associated 
with a variable nebula, some interesting observations of which 
made by Mr. Buruham with the 36-itich refractor of the Lick 
Obsei'valory are printed ia the December number of the ' Monthly 
Notices.' T Taitri has a magnitude range of from g'4 to 13-5 01: 
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14, but no regular period has as yet been detected. I have had it 

under observation, with greater or less regularity, for the past 

twenty-seven years (with a gap of four years, 1 873-1 876), and can 

only describe its changes as " irregular," unless the period is one of 

some years' duration, with minor fluctuations on the rising and 

falling curve. During the years 187 7- 1882 the star appears to 

have fluctuated about a maximum, with range 9*4 to 10 mag., and 

its tint was then noted by me " slightly ruddy," " ruddy," 

'* ruddy lilac," " lilac," and once " bluish white." It has since 

gradually declined in magnitude and is now near minimum. Its 

magnitude was not^ 13*4 on Jan. i of the present year. I have 

never seen any certain trace of Hind's nebula, but on two occasions 

in 1877 suspected a minute glimpse star near the place. The 

collection and discussion of all available observations of T Tauri 

might perhaps lead to some more definite conclusion in regard to 

its period. Tours faithfully, 

Knowles Lodge, Ouckfield. George Knott. 

1S91, Jan. 16. 

• Parallax and Velocity of Double Stars. 

Gentlemen, — 

My attention has been lately directed to a paper in the 
' Monthly Notices ' of the R.A.S., May 1874, in which Prof. Niven 
shows how the parallax and relative velocity in the line of sight 
of a double star are connected with the elements of its orbit. As 
I have already published two papers on the same subject, one in 
the 'Proceedings of the Royal Irish Academy,' May 1886, and the 
other in the ' Monthly Notices,' March 1890, in which I have given 
formulae almost identical with those of Prof. Niven, I should like to 
be the fir?t to draw attention to the coincidence. 

At the time of writing I thought tliat my geometrical exami- 
nation of the question had at least the advantage of novelty ; and 
though I may perhaps venture to hope that my method of ap- 
proaching the question being slightly different from that of Prof. 
Niven will be considered not wholly without value, and that my 
figures, as being based on more recent and more trustworthy data 
may be more reliable than his, 1 doubt if I should have ventured 
to publish either one or the other had I been aware that I was 
on an already beaten track. 

Dunsink, Yours faithfully, 

1 89 1, Jan. 19. AllTHUE A. RaMBAUT. 

Uncatalogued Comets. 
Gentlemen, — 

A perusal of Calvisius indicates two or three comets that 
seem to have escaped notice in our Catalogues. 

A.D. 535. "Hac hyeme, cum sol in Capricorno esset, ingens 
cometa apparuit in Sagittario." 
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^A.i). 599. " Cometa hoc anno apparuib." No comet mentioned 

ev^^^n in Williams's Chinese list from a..d. 594 to a.d. 607. 

-A.D. 1505. '* Cometae bini annotantur hoc anno; primus appa- 

ii} 12 Aprilis, alter mense Augusto." Chambers mentions one in 

•ies this year, but here we have mention made of two. 

~)o these might be added " the star of marvellous size with one 

8ijr:i.gle ray," described by Matthew, of Westminster, as seen in our 

Istizi^din A.D. 497. [See ' Journal of British Astr. Assoc.,' Nov, 1890, 

p - So.] Faithfully yours, 

IMelplash Vicarage, Dorset, S. J. JoHNSON. 

1 89 1, Jan. 8. 



OBSERVATORIES. 

Stonyhuest. — An interesting paper by Father Cor tie on Sun- 
spot Observations made at Stonyhurst in the years 1888-89 
appears in the last number of the ' Monthly Notices/ The last 
important contribution to Astronomy which came from this 
Observatory was the late Father Perry's memoir on photo- 
graphs and drawings of the Sun (Mem. R. A. S. vol. xlix.), in 
which he showed so well how there is room for new workers in an 
apparently well-occupied field. We may remark in passing that 
* Qaeeting of the Father Perry Memorial Committee will bo held 
^^ Feb. 13, before the Annual General Meeting of the R. A. S. 

i^ather Cortie's work has been thorough and painstaking. He- 
sums up his conclusions under 20 heads, and it seems scarcely 
^^cessary to reproduce them here. 



Rro DB Janeiro. — Volume IV. of the ' Annales ' has boon 
Published in two parts, dated 1889, though wj have only lately 
received them. The second contains meteorological observations 
^'^ y. The first, of 1 26 pages quarto, contains three secitioiis, viz. : — 
^>^) an essay on the distribution of asteroids, written in 1879, >•> 
^tich it is argued that these bodies may be the fragments of a 
Piaixet split up, not by one, but by several catastrophes at diffonuit 
Points of its orbit — these catastrophes being cometary encouriti^rs, 
^^ which there is evidence in the distribution of the orbits ; (2) an 
^'^ount of the observations of the transit of Mercury in 187H, 
P^viously published ; (3) raicrometric measures of double stars. 

Observations of southern doubles are not very numerous, mo 

^^t it was with some pleasure we found that M. CruU liad 

^^voted a considerable time in the years 1879-80 to their mcMiHuro- 

^ent with his o"'2 5 refractor. Alas! not more than 5 pcir ami, of 

^^e measures are of permanent value. It is, we boliijVH, gcuicjraily 

^^cogni^d that measures of new doubles over 30" a[)art anj of v<»rv 

wnali value. W. Struve limited the distance to s^", it»d O. Htruvi» 

rtill further reduced it to 16". Other observern have vnHM 
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restrictions, but perhaps Bumham's scale is the safest. A com-' 
parisoii of the measures before us with /3's limits will give some 
idea of our disappointment. Column i gives the magaitude of the 
principal star ; col. 2 Bumham's limit of distance ; col. 3 the mean 
distance of stars measured by M. Cruls ; col. 4 his max. and min. 
distances; col. 5 the number within limit; col. 6 those outside 
limit. 
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There are a few measures of a^ and a'* Centauri, ir Lupi, and 
iHg 5014. We greatly regret that M. Cruls did not spend the time 
on more interesting stars. T. L. 

EousDON. — Mr. Peek reports that 1890 was on the whole a 
favourable year, always excepting December. Transit observa- 
tions were taken on all available occasions, and the time service 
was fully maintained. The number of observations of the selected 
24 long-period variables shows a steady increase, being 451 for 
1890, as against 123, 284, 332, and 444 for previous years from 
1886. 



PUBLICATIONS. 

AsTEONOMiCAL Lessons *. — A little book of 130 pages, writter 
in a simple style, and well adapted for the purpose indicated or 
the titlepage. There are 19 separate chapters, which thus oc6up 
only a few pages each. That on nebulae, for instance, barely fil' 
two. The author has thus endeavoured to avoid confusing tl 
tender minds of his readers — an admirable object to keep in vie\^ 

♦ Astronomical Lessons, or Chapters on the Elementary Principles a 
Facts of Astronomy, for the use of Students and Young People. By J. E. Gc 
F.RA.S., &c. Sutton, Drowley, &O0. 1890. Price 3^*. 6d. 
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"We could wisb, however, that Mr. G-ore in his efforts to be 
eimple hod not beea quite ao slipshod. Here are a few of his 
expressions:— "The bouuding-Uue of tbe horizon" (p. 16); "that ■ 
any such appearance could ever be seen" (p. 17). '-For a sphere, 
when the sourte of tight ia a globe larger than the sphere (as in 
the case of the 8uu aud Earth) the shape of the shadow is always 
a cone" (p. 76). [What ia the difference between a globe aud 
sphere ? and why uot state the proposition more completely ?] 
" The shape of its (Mura's) orbit is, however, more eUiptical than 
that of the Earth. For this reason it is sometimes much nearer to 
the Earrh than at others, and consequently varies considerably in 
brilliancy at different oppositions." [A younjr person might easily 
be misled into thinking that with circular orbits Mars would b« 
always at the same distance from the Earth.] 

We believe it is somewhat a new departure for Mr, G-ore to 
deal with mathematical rather than purely descriptive astronomy ; 
and he may think the above sentences clear enough for the purpoae. 
But they jar on the nerves of those accustomed f o look for accurate 
expression in such work. 



Mbeidian Photomethy. — Vol. xsiv. of the Harvard Annals 
contains the results of observations with the meridian photometer 
in the years 1882-188S. We are referred to Vol. xxiii. (which, 
however, is not yet to hand) for a discussion ol these results, the 
present I'olunie being simply the Catalogue, with a few words of 
introduction. It will be remembered that Volume siv. of these 
Annals was called the 'Harvard Photometry' (H.P.), being a 
uatologue of the magnitudes and approiiniate placf s of 4260 stars of 
the siith nmgnitude and brighter. After the completion of this 
work a new meridian photometer was constructed, with object- 
glasses 4 inches in aperture instead of 3. The field was 40' in 
diameter, and the magnifying-power employed was 28. By its 
means stars of the ninth magnitude could be readily observed, and 
those of the tenth could be measured under favourable circumstances. 
The principal work undertaken with this new instrument was the 
determination of the magnitudes of a sufflcient number of atari 
contained iatheDurchmusternng, and distributed with approximate 
uniformity, to serve as standards of reference for future ectimates 
or measures of magnitude. The result is the present catalogue of 
20,982 stars, which may be designated H.P. (2) or perhaps M.P. 
(Meridian Photometry) ; though the latter combination of letters 
has already a baser use on this side the Atlantic. The work is 
obviously excellent both in ijuantity and quality; and we learn 
with some surprise and adniiration that two-thirds of the observing 
was done by Prof. Pickering himself. The reductions and the other 
tliird of the observing are doe to Mr. Wendell. We look forward 
Kith great inhtrest to the appearance of the diacussioo in Vol. xxiii. 
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NOTES. 

Comets Zona and Spitalbe. — We have perhaps not called suf- 
ficient attention to the strange coincidence by which one comet was 
discovered when looking for another within a fe\C minutes of the 
place in which the already known comet really existed. Our con- 
temporary the * Sidereal Messenger ' reprints from the ' San Fran- 
cisco Examiner ' a note by Mr. Barnard on this unprecedented occur- 
rence. It will be remembered that Dr. Spitaler on 1890 Nov. 16, 
when looking for the comet discovered by Prof. Zona on the previous 
evening, found what he at first supposed to be Zona's Comet ; and 
afterwards swept into the same field the real object for which he 
was looking, whjch was subsequently found to have no physical 
connection with the one he first observed. " There is no record of 
any two comets, not physically related, ever having been seen within 
a degree of each other. . . .These two comets are being (Dec. 10) 
regularly observed at the Lick Observatory. Neither is bright. 
8pitaler*s is exceedingly small and faint — the merest speck of haze 
moving slowly among the stars.'' In No. 232 of the Astr. Journal 
the Eev. G. M. Searle computes elliptic elements for Comet 
Spitaler, with a period of about 13 years. "The elements are still 
of course quite rough ; but it would seem probable that the period 
is such as to place this comet among those subject to special per- 
turbation by (Saturn, and possibly brought into one system by that 
planet." 

A Monument to Eabeicius. — In the churchvard of the village 
Osteel, in the north of Holland, is a weather-worn gravestone 
bearing the legend *' Anno 1617 d. 7 May is de wurdige un wolge- 
leerde Heer David Fabricius, Pastor un Astronomus tho Osteel, 
van eenen geheten Frerik Hoyer jammerlyken vermoordet in't 
Jaer 53 sines Olders." The Naturforschenden Gesellschaft pro- 
pose to erect a more lasting monument to this great man, and have 
headed the subscription list with 100 marks. Further contribu- 
tions (up to 1 89 1, May i) will be gratefully received by Herr 
Kaufmann Peter de Jonge, Gr. Osterstrasse, Nr. 46, Emden, 
Ostfriesland. 

It is curious that Newcomb, speaking of Fabricius (Pop. Astr. 
2ud ed. p. 250) and his early observations of the solar spots, 
says that he was *' otherwise unknown to astronomy," forgetting 
apparently his discovery of the variability of Mira Ceti. This, 
according to Wolf, was made known in a letter to Tycho Brahe. 
Kepler gives the date of Fabricius's observation as 1596, Aug. 13 
(N.S.), when he saw it as 3rd mag., and in October of the same 
year he noticed that it was no longer visible. 

DouBLX Stars. — No. 2978 of the Astr. Nach. contains a very 
useful series of measures, by Prof. Hough, of 107 double stars and 
also of 94 new doubles. Three, at least, of the latter (Hoogh 194, 
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2IO, 225) ought to receive special attention from possessors of 
large telescopes. The measures were made partly in the city of 
Chicago at the old site of the Dearborn Observatory, and the more 
recent (since August 1889) at the new site in Evanstou, Illinois. 
The refractor is of i8|-inch aperture. 



On Thursday, Jan. 29, Prof. Q-eorge Darwin delivered the 
Bakerian Lecture at the Royal Society on tide prediction. H<5 
remarked that 50 years ago, Whewell had delivered a Bakerian 
Lecture on the same subject. Since then, our knowledge of the 
methods of analyzing and computing tides had greatly advanced, 
though we had still much to learn about the actual tides them- 
selves. Whewell, for instance, did not realize that the tides in 
the North Atlantic, such as we were accustomed to in Europe, 
were quite abnormal, and that in all the rest of the world the 
diurnal tide was not insensible. For this reason the simple tide- 
tables such as are used in Europe could not be formed ; or, if 
formed, are practically useless. A much more elaborate calcu- 
lation must be made and expense was una^•oidable ; it remained 
only to consider how the expense might be minimized. The tide- 
predicting machine, depending on the method of Harmonic 
Analysis, devised by the President (Sir W. Thomson) in 1872, 
would draw a curve representing all the tides at any port for every 
day in the year in about four hours ; but then the daily measure- 
ments of this curve must be made and verified ; and the cost of the 
machine was several thousand pounds ; so that the annual charge 
for supplying a port with tables for every day in the year was still 
necessarily somewhat high. Again, only one of these machines was 
in existence, and other governments might be deterred by national 
pride from sending to London for their predictions. The lecturer 
had accordingly devised a method of supplying to any port which 
would incur the expense of its computation a general table, appli- 
cable for all time, by means of which any one with an elementary 
knowledge of the * Nautical Almanac ' might, in a few n)inutes, 
compute two or three tides for the days on which they were re- 
quired. The general table might be constructed so as to furnish 
results of varying degrees of accuracy, with corresponding dif- 
ferences in the expense incurred. The less elaborate form of table 
would be suitable in cases where existing observations of tides 
were not numerous or very accurate ; for it was of course from 
existing tidal observations at the port that the general table was 
to be constructed. 

After some congratulatory remarks from Commander Creake on 
behalf of the Hydrographer, and from the President, a cordial vote 
of thanks to Prof. Darwin was passed. 



The LiVBEPOOL Astuonomical Society. — This Society held 
its fourth ordinary Meeting on Monday evening, January 4, at 
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half-past seven o'clock, in the Royal Institution Booms, Colquitt 
Street, Liverpool. Captain Jeffery, F.R. Met.Soc., occupied the 
Chair, in the absence of the President, who was on the Continent.. 
"I'he attendance was small, owing doubtless to the very severe 
weather. The papers will appear as usual in the Journal. 

Arrangements have been made to place the Society's very valuable 
library in the Royal Institution ; as yet, no definite arrangement 
has been made for the housing and use of the Rowlands Telescope. 



We notice the recent death of John Hampden, a curious ex- 
ample of a man with a crank. In other matters of common Hfe 
quite reasonable, he was converted by "Parallax" to the belief 
that the Earth was Oat ; and this he maintained with unflagging 
enei gj till his death. If ever a man consistently acted up to the 
mot to " What I sez, I sez ; and what I sez, I sticks to," it was 
Mr. Hampden ; he not only said the Earth was flat, but proclaimed 
it, and wrote it ; and abused others for not believing it ; and swore 
it ; and at last bet upon it, losing his wager ; but still swore it. 
His language on the subject was powerful. He was one of those 
who regularly address the Astronomer Royal, and the most violent 
of them. There is another regular correspondent who believes 
himself tied to Satan for some indefinite period, and who gra- 
phically describes his experiences ; but his command of extrava- 
ganza is as nothing to Mr. Hampden's. Peace to his uneasy soul 



The Council of the Royal Meteorological Society have arranged 
to hold, at 25 Great Greorge Street, Westminster (by permission of 
the Council of the institution of Civil Engineers), on March 17 
to 20 next, an Exhibition of Rain-Grauges, Evaporation-Gauges, 
Percolation-Gauges, and kindred Instruments. The Exhibition 
Committee invite co-operation, as they are anxious to obtain as 
large a collection as possible. 

The Committee will also be glad to show any new Meteorological 
Instruments or apparatus invented, or first constructed, since last 
March ; as well as Photographs and Drawings possessing Meteoro- 
logical interest. 

Persons willing to co-operate in the proposed Exhibition should 
furnish (not later than Eebruary 10) a list of the articles and an 
estimate of the space they will require to Mr. William Marriott, 
at 30 Great George Street, Westminster. 

We are requested by the executors of the late Mr. Kullber^ 
and by Mr. James Poole to contradict the rumour that Mr. Pool^ 
has taken over the business of Mr. Kullberg, which is being carriedL 
on by the executors. 

Ebbatum. — No. 171, p. 64, line 6 from bottom, /or "Er, Hill's'^ 
reac^' Fr. Hell's." 



THE OBSERVATORY, 

A MONTHLY REVlEff OF ASTRONOMY. 



AN.VIVEllSARY MBETmO- OK THE RO?AL 
ASTRONOMICAL SOCIETK". 

Friday, February 13, i8gr. 

Lieiit.-Gen. J. F. Tennant, O.I.E., E.E., F.K.S., 
President, in the Chair. 

SKfeluries : E. B. KsoBEt and. A. SI, W, Dowsing, M.A. 

Mh, DowNiSG read the Miniitea of the last Anniversiiry Meeting, 
which were confirmed. 

Mr. Oottam read the Auditors' Report, 

Mr. Kiiohel. On an examination oH the accounts that have just 
Iweu aubinitted, it will be found that the expenditure for the paist 
year has exceeded the receipts by ^134 i3». 7''. This is weil and 
"leacly explained by reason of the extensiye alterations which we 
hace made in the Library, and which have cost over ^£300 — 
^249 las, for alterations and £52 3* lot^. for furniture. I would 
oesipe to call the attention of Fellows to the new room at the top 
of tie house, which now forms the New Library, and which I 
thini is well worthy of their inspection. From another item in 
the account, it would appear that purchases for the Library have 
only amounted to .£8 12s. M., but we have had during the past 
year a credit standing to us with a firm of booksellers, in coosider- 
aboij of some ohi non-astronomical books which we sold to them, 
Sad we have bought books to the extent oE over £21 upon that 
(iiftdit, BO that the amount of purchases for the Library is really 
■^29 143. ^d., and not .£8 12s. 8rf. as appears. It would have 
leen difficult to have included this in the Treasurer's account, but 
tile explanation is, I think, due from us to the t'ellows. 

The Secretaries then read the Report of the Council. 

ifr, Woodd-Smifh. I am very happy to move that the Report 
now read be received and adopted, and that it be printed and circu- 
lated in the usual manner, tojjether with the Auditors' Report. 
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Mr. Ftriyal §ecoDiled the motion. ^^H 

The Kesolution was agreed to. ^^H 

Tltt Pretttlent, The special business of this meeting is >I^H 
ChaniberH'fl proposition " that henceforth the Meetings of 9^^ 
Hociety be beld at 5 p.u., nuci that Bye-law 44 he altered accord- 
iijRly." 

Mr, Cliamhei-g. I should not have troubled the Society with 
nnotlier inution on this subject so soon after the last, if you had 
' not refuned faciliticB (or a poll of the members on the inain quea- 
tion. It is the undoubted right of every Englishman and every 
lawfully corporate body to have a poll of absent members. 

Mr, Turner. Hir, is this gentleman in order in questioning 
your ruling? 

The Pretidml. 1 think Mr. Chambers is not in order in tlin 
the matter ; besides that, I will point out, as a, matter of fact, that 
it cannot possibly refer to a case like this. A poll could not be 
had at this Society, except by means which were unknown to the 
ooBiinon law to which you refer. 

Mr, Chamhera, I don't wish to discuss thnl, but I referred to it 
to explain why I bring the motion up sgaiu. I have a perfect 
rijtht to refer to it as a matter of fact. 

Mr. Chambers then proceeded to state the arguments be made 
UBe of on previous occasions, quoting as precedents for the change 
the Itoyal Society and the British Astronomical Association. " Onr 
meetings are attflnded by 50 or 60 meiiibera out of 600, and if the 
rxperiuient of nlteralion to five o'clock meetings results in our 
attun<lauce falling off very much, 1 shall l» ihe lirst to acquiesce to 
the rMtoration of the old order of things.'' 

I{«v. A. FrtfMitn, \ beg leave to second Mr. Chambers's propo- 
ailiun. I do not oare to appear in the character of a stormy 
uetivl, hut th,ex*> is no I'oasoii why we should not try this change 
Viir a yi'nr, and it would cerltuuly remove a good deal of objection 
on the part of those w ho fet-l that the evening meeting is highly 
iniMnvpuieul to them. Our Treasurer made a most important 
ubafn'attun At the hist discussion of this question, when heptointed 
nut (lutt to observing astronomers it was certainly a consideration to 
nMH>t iit the aftvrnuon raUier than the evening. A great number 
uf our older meinU-ra do not tiiid it a<,lvi3able to attend evening 
HK<olii)4p and ^1 houw lalf, and I notice that at this afteraoon 
luwttnj; a jpHid m&tiy an> Iut» who do not attend the evening 
iuit>liu|[«. Country nii>mher« uatundty feel that if they attend 
KftwtH.»>it tuet'tin^ they tu\> able lo go hoiue the sune night, 
\y(tMv«.'t t,i\,<*r the cwiiing u)^'liug$ ther are not able to get home 
uittil II or 11 o'ditck iteit tlay, «ud a^f-dar'n n-urk, especially 
uu }<atut\Uys, is a s^ous thtitg; fi^r tk^iu 

1 think aftt'rtKxiu »tiHtii>)::s wmikl iudncw a morv leguhr attexid- 
a»M'ur^riot»\\wkiu^wttntiKtaM>n. L do iM.1t dkau iheanftteors; 
1 itMUgtit »l^ «iM\' «.>! a stwtpty *.kf Mmti>aT«, Uil a society of ptw- 
fv<<w«U asHvnOKteiiv Vkt wA roiukW vtuty iW tuieresis of tli«> 
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London members, the barristers and tbe busini'ss men wbo can 
oonTenieiitly attend in the evening, and who wiJl DOfc make any 
aaorifiee wbatever to oblige the country members and working 
astronomers, but give the project a fair trial for 12 mouths and 
see il the change o£ the time of meeting is advantageous to the 
Snciuty. 

Dr. Schuster. At this stage of tlie proceedings I should like to 
move an amendment which may meet the wishes of the two sides 
and may be of advantage to speakers who come after. I can speak 
in i very impartial way because both afternoon and evening meet- 
ings ore equally inconvenient to me. The ])rop<>8al 1 would make 
is to have meetings alternately one month in tbe evening and one 
month in the afternoon. I'ou will soon lind out which is best 
stteaded and can then decide the question, although you might 
find it an advantage to keep the proposed system up ]>ertnanetitly. 
The proposal if adopted as an esperiinent does not commit you to 
80 much as putting the meetings at once to the afternoon all the 
year round. 

Sir Erastnxts Ommaney. I rise to make an amendment. I am 
B great advocate for afternoon meetings and always have been. As 
a Londoner 1 should like tbe meetings at 4.30 ijistead of 5, and 
Mwe must allow 2 hours for the meeting,! think it would be 
better if we could get awa; at 6.30 instead of 7 o'clock. 1 pro- 
pose that the time of meeting be altered to 4.30. 

Mr. KnobcJ. It is impossible to take an amendment upon an 
Bmendtnent. One amendment should bo disposed o£ before another 
amendment can be entertained. 

Mr. Turner. If Br. Schuster's amendment is in form I shall be 
lisppy to Becond it. 1 venture to tliink that the B|iirit of the 
otnginal motion is preserved, in that the alteration in the time of 
the meeting must be a purely esperimenlal one, and without tread- 
ing upon the President's ruling we might make the alteration for a 
y«r. The main question was, 1 consider, legitimately considered 
atthe December meeting. But we bave'in the present amend- 
ment a condition of things which gives us all we require, and must 
»t the same time be only temporary. The question as to whether 
5 o'cbek or 8 o'clock is better for the Society 1 regard as essentially 
W experimental one. We have heard arguments for and against, 
sndgomeoE these cut both ways. Home section of the Society 
niiMt be prevented from attending the meetings whatever time we 
finally adopt. Mr. Freeman pleaded for evening observers, but 
tliere are some professional astronomers wbo would find it an ad- 
vsntoge to have a meeting which would prevent them having to 
obsen'B. [Laughter.] There is a strong diversity of opinion about 
gettiog throQgh Council work, but the Council themselves decided 
that they could got through their work. I think Dr. Schuster's 
■neniiinent is an ingenious proposition to enable us to get the ex- 
pBriment made, therefore I second the amendment. 
Mr, Chambers. My desire is to do the greatest good Jo the 
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greatest numbur, and if the meeting decides for Dr. Schustei 
amendment, 1 will wiilingly abandon my resolution 
the amendment. 

Jtev. C. J. Taylor: I am very much in favour of the second" 
proposition hefore the Society to-day because it is a kind of eom- 
promise, and I hope will be aatisfaetory to a very large number of 
country members. As a country member I find evening meetings 
are very inconienient to me, for I cannot get back home without 
some extra expense for hotel bills. The precedent of the young 
Hocietj-, the British Astronomical Aasociatisn, has already been 
brought for«ard by the mover of the resolution, I will take this 
opportunity of adducing a precedent from a Society not so young 
as the British Astronomical Association, and that is the Society 
for Psychical Eesearch, for they have for some time held their 
meetings alternately in the afternoon and eiening. I hope this 
meeting will be able to adopt some such practice. 

Mr. lianyard. There is some objection to holding the meetings 
at different times on different days. Many of us do not look 
at our cards and papers, and if we omit to do so we shall perhaps 
come at the wrong time. The plan might thus cause considerable 
inconvenience to some of us, I shall therefore vote against Dr. 
Schuster's amendment. 

Mr. Ktiohel. I fidly expected to hear from Mr. Chambers some 
reaflona for bringing forward this resolution again after it had 
been disposed of at a prerious Meeting. Perhaps, for the in- 
forniation of Tellows, it nill be convenient to mention the history 
of the resolution. On May 8, 1885, after a Eeport from the 
Council of the residt of the postcard series of questions which 
were issued, Mr. Chambers moved that the hour of meeting be 
5 o'clock. That was put and lost. On Feb, 14, 1890, at the 
Annual Meeting, Mr, Chambers made the same proposition that 
he has made to-day, an amendment deferring the consideration of 
the Bubject being carried by 32 to 20. It was a proper thing after 
the deferring of the question that Mr, Chambers should bring it 
forward again : and be did in December last. On December 12, 
1890, the definite proposition for 5 o'clock meetings was put and 
lost, the numbers being 18 for and 30 against. It was a singular 
thing that the moment that resolution, of which due and full 
notice had been given, was lost, Mr. Chambers should give a repe- 
tition of it in the same terms as before. 

Mr. Chanibert, Will vou give the figures of the postcards in 
18S5? 

Mr. Knohfl. The figures of the postcards in 1885 were : — for 
8 o'clock 106, for 5 o'clock 125, neutral 150, for other hours 17, 
It was the opinion of the Meeting in 1SS5 that no action should 
be taken on the postcards unless there was a decided majority one 
way or another, and that being the case no action was taken in 
the matter. Mr. Chambers, in 1S85, moved his resolution, which 
■was 1(1^1; and it met a similar fate in Feb. and Dec., 1890. I 
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want tg ask whether the motion to-day is not veiatioua, and 
whether, i£ it is lost, Mr. ChamberB will give notice to bring it 
forward in two months' time, and so on, every two months ? A 
word is required to relieve us from anxiety on that point. Another 
point is, Mr. Freeman said we are not a Mociety of Amateurs, 
When I said we are a Society of Amateurs 

Mr. Freeman, I was not aUuding to you, Mr. Knobel, but to 
some other Fellow of the Society, 

Mr. Knobel, 1 beg your pardon. I had used the word, I believe, 
in ita proper etymological meaning— that we are a Society who 
devote ourselves to Astronomy apart from any other consideration 
than the love of the science itself. I thiuk the proper order now 
is that permission should be given to Dr. Schuster to propose his 
amendment before it can be submitted and discussed. 

The Attrojtomer Eoyal. It is quite permissible for any two 
FeliowB to propose and second an amendment without asking per- 
mission or putting it to the vote. 

Mr. Knobel. The question was first raised when Lord Crawford 
was in the chair; and. the practice was then instituted that an 
amendment could not be accepted without the Meeting gave per- 
mission. That prinL-iple »aa acted ufwn by Dr. G-laisher wlien he 
was in the chair, by the Astronoraep Koyal, and by our present 
President. 

Mr. Thirntr. Are you not confusing discussing the question 
vithpulting it? 

The President, I must say I am surprised at this objection. I 
should never have hesitated about it myself. It seems to me as 
plain as possible that an amendment rising out of a resolution can 
be made of right and without permission. 

Mr. Raiiyard. I think the usage is that the leave of the 
Meeting should be taken that the amenduient become the sub- 
stantive resolution ; and it it is proposed to make it the substan- 
tive resolution, leave of the Meetnig shoidd be asked. 

The President. I do not understand that is intended at present. 
If the amendment ia carried the resolution will be abandoned, but 
not until then. 

Mr. Chambers. Tiien I am willing to withdraw my resolution 
in favour of Dr. SL-huster'a amendment. With regard to what 
Mr. Knobel has said, 1 may eiplain iliat I brought forward this 
motion to-day because the President sn^ested that it was a much 
more proper one for discussion at an annual meeting than at an 
ordinary meeting. 

A Member, I understand it is impossible for Mr. Chambers to 
vrithdraw according to Parliamentary practice. We are called 
here to discuss this particular question ; and I do not see how an 
amendment concludes the discussion of the original motion. 

The Pretident. The original proposition cannot be withdrawn 
as a matter of right, but only by permission of the Meeting. An 
amendment can be made a» a matter of right. 



r 



no Proctedinyn at Mcelvuj uf [No..l73.1 

Mr. Common. Tou have alruudy ruloU Ihat lliia aiiiBiidmoiit cana 

be put. I 

Mr. Knabd. 1 am aware that the President has overridden the g 

action of his predeCBHsors. 

Capt. Nohle. I do not Itnow if there is anything in the consti-'l 
tufiou of this Sooiety which precludes such an amendment. 1 ai 
chairman of adveral public bodies, aud I never heard tliat siicb a 
amendment could not be put. Notice must be given o£ a resolu-* 1 
tiou, but I can speak very confidently that any amendment caji bs 1 
made, '" 

A Fellow. I think the amendment if carried will make confu- 
sion worse confounded. The original motion has been thoroughlv 
thrashed out and decided against several times. The Council 
having put thuir objection asido, it must be shown that the change 
would be advantageous to the Society aa a whole. The position 
has not altered in any way since Mr. Chambers's last motion. I 
was perfectly astonished when I saw the motion on the agenda. I 
have never seen anything so indelicate in any Society I have been 
connected with duiing 40 years of experience, as this matter 
being brought forward on Feb. 13 after being decided agunst for 
the third time in the preceding December. Last Annual General 
Meeting decided against this motion, so there is little validity in 
Mv. Chambers's plea that he wished the matter discussed at au 
Annual Greneral Meeting, I do hope that after to-day we shall 
not hear of this matter for at least 12 months. 

Mr, Bretl. I do not think you can prevent us from bringing it 
forward again. 

Tlut Pretidtnt. We must leave that to the good taste of the 
people who bring it forward. 

Mr. Brett. I want to make Mr. Knobel's mind easy. If this 
motion is rejected to-night, I intend to bring it forward myself on 
the next possible occasion. [Laughter.] 

Mr. Premian. I think Dr. Schuster has proposed a, most judi- 
cious course. My idea is that it would be bettor to have meetings 
twice a month instead of once, and that one meeting should he iu 
the afternoon and the other in the evening. That, however, is a 
large change, and woidd put Ibe Council to a great deal of extra 
trouble ; but Dr. Schuster's amendment does not do that. 

Mr. j. G. Peti-ie. 1 came in late because 1 find these afternoon 
meetings are very difficult for me to attend. At the British 
Astronomical Association 1 have the greatest difficulty in getting 
there by 5 o'clock, and am satisfied if I get there by 6. That Society 
would, 1 believe, be prepared to change its meeting-time to a later 
hour. The Fellows of this Society have not yet come to the posi- 
tion of repose that many of the Fellows of the Eoyal Society have 
come to, and it would be a serious thing to change the hour of 
meetings as an experiment. The country members will not fill 
the blauka caused by those who cannot attend iu the afternoon, 
All Ihe country members do not desire the change, and one 
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reverend geutleman at tbe last meeting assured me that he would 
prefer not to go borne the same eveiiing. Another thing is, we 
wutit a break between business engagements and these meetings. 
T ha jm/iiti uiH supplied here is not of the very lightest description, 
and it would be hard to leave our books and papers to come here 
without that little break which is so necessary to the due enjoy- 
ment of these meetings, 

Mr. Stoiie. Personally 1 am in favour of afternoon meetings ; 
but we must consider the convenience of the greatest number. If 
all i'ellows vote for their own personal con\'enieiice we shall get a 
jiropor decision. As for the mijted meetings, 1 cannot say I 
favour that proposal. When the circulars were sent round years 
ago to get the general sense of the Society the numbers were very 
eiiual, jjthough many of the votes came from Fellows who were 
not likely to attend either meetings, and therefore ought not to 
have voted. 1 would prefer this question to be voted uiKin pure 
and siniple; and if the advocates for early meetings are beaten 
they should accept their position, 

jU>. Si/dnei/ yVutfrt. As the proposer of the original resolution 
in i88s, 1 should like to say I am eutirely in accord with Dr. 
Kcbuster's amendment. The best esperiment hb can make will be 
to allow a trial of the amendment to be made for a year. 

A division was then taken, when 27 voted for the amendment 
and 37 against it. The amendment was declared lost. 

The original motion was then put, and on division was lost, 
3 1 voting for it and 35 against it. 

The President appointed Mr. R. Inwards, Mr. J. IT. Miti-honer, 
and Mr. W. Schooling, Scrutineers of the Ballot for the election of 
Council and Officers for the ensuing year. 

The following was the i-esult of the Ballot ; — 

President: Lieut.-Gen. J. F. Tennaiit. Vice-Prenit/enta : Capt. 
W. de "W". Abney, Prof. J. C. Adams, Dr. J. W. L. Glaisher, and 
Mr. E. J. Stone, 'IVeasarer : Mr. A. A. Common. Seerefaries: 
Mr. A. M. W. Downing and Mr. E. B. Knobel. Foreign Secre- 
tary : Dr. W. Hugffins. Council: Sir K. S. Ball, Prof. A. Cavley, 
Mr. W. H. M. Christie (Astronomer Hoyal). Hon. Sir James 
Cockle, Mr. George Knott, Mr.FrankMcClean, Mr.E.W.Maunder, 
Capt. W. Nobie, Mr. W. E. Plumnier, Mr. Isaac Koberts, Dr. E. 
J. Spitta, and Mr. H, H. Turner. 

jtfr. W. H. Maw proposed and Dr. Bryant seconded a resolution 
" that the thanks of the Meeting be given to the President, Vtce- 
President-s, and other members of the Council who now retire, for 
their services in promoting the objects of the Society." This was 
carried unanimously. 

On the motion of Mr. E. J. Stone, seconded by Co/ii. Noble, the 
thanks of the Meeting were gii'en to the Scrutineers of the Ballot. 

G. P. B. Hidlowet, 77 Lansdowne Eoad, Didabury, Manchester; 
Shiit Uii-aijamit, Astronomer at Tokyo Observatory, Japan ; Robert 
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John Pearce^ M,A,y D.C,L», Professor of Mathematics in Durham 
TJniversity ; John M, Stone, St. John's College, Cambridge, were 
ballotted for and duly elected Fellows of the Society. 

The following Candidates were proposed for election as Fellows 
of the Society : — 

John Billington Booth, J.P., Preston, Lancashire (proposed by 
Balph Copeland) ; Hannibal Mirahita, 134 Strada Britannica, 
Aleiandria, Egypt (proposed by Eev. Joseph £eed). 



BEITISH ASTEONOMICAL ASSOCIATION. 

The fourth ordinary Meeting of the above Association was held 
in Barnard's Inn Hall, Holborn, on Wednesday, Feb. 25, Captain 
Noble, F.E.A.S., the President, in the Chair. 

Amongst the presentations announced were Mr. Cottam's two 
^x\e Star Atlases, presented by their designer, and a number of 
beautiful prints of stellar photographs from Mr. Eoberts. 

The General Secretary, Mr. P. F. Duke, read the names of 18 
Candidates proposed for election. 

Dr. Gill was called upon to give an account of his work at the 
Cape in connection with Stellar Photography. He said that Stellar 
Photography might be said to have commenced there with the 
photographing of the Great Comet of 1882. This was first seen by 
Mr. Finlay, and rapidly increased in briUiancy until it became one 
of the most sublime phenomena he had ever seen in the heavens. 
He was unfortunately absent from the Observatory on the day 
that it transited the Sun, but returning the next day was able to 
point it out shining in full daylight close to the Sun. A photo- 
grapher from the town came up to the Observatory, his camera 
was strapped on to the telescope, and with an hour's exposure a 
photograph of the comet was obtained. The success of this ex- 
periment convinced him that this was tlie most satisfactory way 
to chart the heavens. The MM. Henri, at Paris, had carried out 
the same idea, but he had previously obtained a grant from the 
Eoyal Society to pay a photographer, in order to complete to the 
South Pole by photography the work which Argelander did for 
the northern heavens. The photographs had been taken, and 
Professor Kapt^yn, of Groningen, who had undertaken the 
measurement of the photographs, had completed about two thirds 
of the work. He described the new telescope recently provided 
for the Cape Observatory, and illustrated the various improvements 
introduced by Sir H. Grubb and himself. Although the telescope 
only arrived in August, about 400 photographs had been already 
secured for special investigations, in addition to experimental 
photographs for the approaching meeting in Paris of the Inter- 
national Committee. 

Mr. Downing remarked that it had been stated that Dr. Gould 
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had done Argelander's work for the South. This wan not so. He 
yielded to no man in admiration of Dr. Gould, but he had not 
designed to extend Argelander's work. Dr. Gill's rec'jnnaisnaneo 
was essential for the proper carrying out of the luternational 
Survey- 
Mr. Edwin Holmes read a paper on Mars. 
Twenty-eight new members were ballotted for and elect^-d. The 
Meeting was then made Speeial to discuss the proposed Hules for 
Branches, which were carried. 



MEETING OF THE EOTAL METEOROLOGICAL 

SOCIETY. 
The usual monthly meeting of this Society was held on "Wednes- 
day evening, the i8th instant, at the Institntion of Civil Engineers, 
zS Great George Street, Westminster : Dr. C. T. Williams, M.A.. 
Vice-President, in the Chair, 

Mr. C. L. Brook ; Mr. C. E. De Hanee, F.G.S., Assoc. Inst. C.E. ; 
Mr. J. Eden, Assoc. M. Inst. C.E.; Mr. J. C. Mundell; and 
Mr. J. Sidebottum, J. P., were elected Fellows of the Society. 

The following papers were read : — - 

I. "The Great Frost of 1890-91," by Mr. C. Harding, F.E. 
Met. Soc. Thispaperdealt with the wholeperiodof thefrostfrom 
November 25th to January 22nd, nnd it was shown that over 
nearly the whole of the south-east of England the mean tempei-a- 
tiire for the 59 days wns more than 2° below the freeKing-point, 
whilst at seaside stations on the coast of Kent, Sussex, and Hamp- 
ahire the mean was only 32°. In the extreme north of (Scotland 
as well as in the west of Ireland the mean was Jo° warmer 
than in the south-east of England. In the southern midlands and 
in parts of the south of England the mean temperature for the 59 
days was more than 10° below the average ; but in the north of 
England the deficiency did not amount to 5°. and in the extreme 
north of Scotland it was less than 1°. The lowest authentic 
reading in the screen was o"'6 at Stokesay, in Shropshire, but 
almost, equally low temperatures occurred at other periods of the 
frost. At many places in the south and south-west of England 
as well as in parts of Scotland and Ireland the greatest raid 
throughout the period occurred at the end of November ; and at 
Waddon, in Surrey, the thermometer in the screen fell to 1°, a 
reading quite unprecedented at the close of the autumn. At 
Addington Hills, near Croydon, the shade thermometer was below 
the freezing-point each night, with one exception, and there were 
only two exceptions at Cambridge and Beading ; whilst in the 
Shetlanda there were only 9 nights with frost, although at Biarriti 
frost occurred on 31 nights, and at Eome on 6nights. At many 
places in England the frost was continuous night and day for 25 
days, but at coast fitations in the north of Scotland it in no case 
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lasted throughout the 24 hours. On the coast of Sussex the tem- 
perature of the sea was about 14° warmer than the air throughout 
December, but on the Yorkshire coast it was only 6*^ warmer and 
in the 8hetlands and on parts of the Irish coast it was only 3*^ 
warmer. The Thames water off Deptford, at 2 feet below the 
surface, was continuously beiow34°fromDecember23rd to January 
23rd, a iperiod of 35 days, whilst the river was blocked with ice 
during the greater part of this time. In Regent's Park, where 
skating continued uninterruptedly for 43 days, the ice attained the 
thickness of over 9 inches. The frost did not penetrate to the 
depth of 2 feet below the surface of the ground in any part of 
England ; but in many places, especially in the south and east, the 
ground was frozen for several days afc the depth of one foot, and at 
6 inches it was frozen for upwards of a month. In the neighbour- 
hood of London the cold was more prolonged than in any previous 
frost during the last 100 years, the next longest spell being 52 days 
in the winter of 1794-5, whilst in 1838 frost lasted for 50 days, 
and in 1788-9 for 49 days. 

2. " The problem of Probable Error as applied to Meteorology," 
by Mr. T. W. Backhouse, 



MEETING OF THE ASTRONOMICAL SOCIETY 

OF THE PACIFIC. 

1 89 1, January 31. 

The Society met at 408 California Street. In the absence of 
President Holden, Vice-President Pierson presided. 

At the meeting of the Directors, held prior to the regular 
meeting, 55 gentlemen and ladies were elected, among them being 
Messrs. Ellery and White, of the Melbourne Observatory. 

An important paragraph was added to the Bye-Laws, by which 
groups of members in any city, excepting San Francisco, are 
authorized to form sections, to be governed by local boards of 
officers and rules. The proceedings of such sections may be 
printed in the regular PubHcations of the Society. No person 
shall be eligible to membership in a section without being a 
member in good standing in the parent Society. 

Under the provisions of this amendment a Chicago Section has 
been formed, and its existence recognized by the parent Society ; 
and has elected Officars and an Executive Commitee as follows : 
G. A. Douglas, Chairman ; G. E. Hale, Secretary ; and R. W. 
Pike, Prof. C. B. Thwing, and M. D. Ewell. 

The Directors adopted a seal for the Society, a cut of which will 
appear in the next publication. 

It was also resolved that, beginning with the present year, all 
moneys received from life membership fees should be invested in 
a sepai'ate fund, and only interest therefrom to be used in defraying 
the expenses of the Society. 
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MfcBsrs. Huhaeborli; and BurcltlialLer wure reappoiiilRd to uct aa 
& CoQimitlee on Comet Meilal for tlie jear 1891. 

jit the Eegular MBotiiig, held after the Itirtictora' Meeting, a . 
Committee eonwstiiig of Messrs. Von Geldea, Theat, Dewey, 
Ewer, and LowdeD was appointed to noraiimte a tiuket of elevea 
names for the next Board of Directors, and three names for 
Committee on Puhlit-ations, to report at the next Meeting (March 
iSth), whieh wiJl be the Annual Meeting. Messrs. Ziej, Johnson, 
and LeuBi'hiier were appointed to make the annual examination 
of the Accounts of the Treasurer. 

The following pa]}ers were presented to the Meeting:— 

a. "The Cai-leton College Observatory," by the Direetor, Prof. 
W. W. Payne. 

h, " The August Meteors," by W. H. S. Monck, Dublin, Ireland. 

c. "Corrections to Watson's Theoretical Astronomy," by W- 
W. Campbell, Ann Arbor, Michigan. 

d. " Notes on Dark Transits of Jupiter's Satellites," by Jolia 
Tebbut, Windsor, N.8.W. 

The Meeting then adjourned. 

CuiitiEs BtTBCKnALTEE, &vi-etarii. 



The Origin of the Slellar Systems. 

1b the rebmory number of tlie ' Observatory ' I liave pointed out 
what I am convinced is the physical meaning of the high excen- 
tricities of the stellar orbits. The mathenmtical investigalioji 
therein referred to seems to show that tidal friction is an amply 
sufficient cause to account for the great esceniricities, but to com- 
plete the syllogism we ought to show that no other possible cause 
t-an be assigned as the source of the obser\ed phenomena. The 
airay of multitudinous resources revealed in the Cosmos is such 
that in general it is difficult to set rigorous bounds to the possi- 
bihtiea of Nature. Fortunately, however, in this particular case 
the circumstances surrounding the question at issue are such as 
to justify the belief that in general no other cause than tidal 
friction can be assigned to account for the excentricities observed 
in the binary orbits. Some astronomers may conceive that the 
escentricities indicate the fortuitous origin of these systems from 
separate stars. A little reflection, howeier, will make it clear 
that such an hypotheBia is untenable. For such a chance orbit 
would be in general hyperbolic ; and it is easy to show that should 
the orbit in some cases even be elliptic, its absolute dimensions 
would very far exceed those of binary orbits hitherto computed. 
Prof. Lockyer, in his ' Meteoric Hypothesis,' has suggested that 
double stars originate through the approach of separate swarms of 
meteorites. But this Buggeafion to my mind is even more un- 
SOtitsfavtgry than the foregoing, aitux it not only eueouutera the 
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isauie difiiculties, but must in addition explain how the smaller 
swarm would escape disintegration under the action of the chief 
swarm. For the smaller swarm would enter on an orbit highly 
elliptic or hyperbolic. In case the orbit is elliptic, the disinte- 
grating action of the larger swarm, in a comparatively short time, 
will scatter the meteorites of the smaller swarm along the whole 
length of its orbit — reduce it (as the Sun reduces a comet) to a 
train of meteoric dust. Moreover, the observed excentricities of 
the stellar orbits are in general hardly sufficiently high to support 
this hypothesis. 

Again, it has been suggested that an explosion in the process of 
separation has rendered the orbit of the detached body so highly 
excentric. This suggestion of explosions is purely nn hypothesis, 
and we are not able to affirm that such phenomena really take 
place, except probably in our Sun. But granting that they really 
take place in nebulae, it seems very difficult to see how such 
explosive action could divide a nebula into two nearly equal 
masses. It seems more probable that the meteorites of a nebula 
under such conditions would merely be scattered in every direc- 
tion, and that the parts would almost immediately fall back 
together. But even should the detached parts not^ immediately 
reunite to the largest remaining body they would revolve around 
it as meteoric swarms in excentric orbits, and it is impossible to 
conceive how, under the disintegrating action of the chief mass, 
they could ever be gathered into individual small bodies; much 
less could they be agglomerated into a second large mass. 

All the foregoing hypotheses seera, therefore, to encounter fatal 
objections. I will now venture an hypothesis which demands 
nothing extraordinary, and rests, moreover, on a dynamical basis. 

A homogeneous fluid sphere devoid of rotation is always in 
equilibrium, however its particles may be arranged with respect to 
one another. If this sphere be endowed with a slow rotation 
about any axis, it becomes a spheroid ; here again we may suppose 
the particles exchanged with one another without any disturbance 
of the equilibrium. We may regard this homogeneous spheroid as 
made up of successive infinitely thin layers, all having the same 
ellipticity. If the rotation of the spheroid is quickened its 
ellipticity increases, and the ellipticities of all the strata increase 
with equal rapidity. The particles of a heterogeneous fluid sphere 
devoid of rotation are in stable equilibrium when, and only when; 
they are so arranged that the density decreases from the centre to 
the surface. Such a sphere is composed of successive infiniteh' 
thin layers of a uniform density, but the layers decrease in density 
from the centre to the surface. If now the sphere be endowed 
with a slow rotation, it passes into a spheroid, and all its layers 
become spheroidal. But in this case of heterogeneity, the layers 
do not, as in the case of homogeneity, retain the same ellipticity 
in passing from the centre to the surface. The ellipticities 
increase, as is mathematically established by Laplace in the second 
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"Volnme of the 'Mecanique Celesta.' Thus the elliptieitiea of the 
layers of a heterogeneous fluid spheroid in equilibrium follow a 
Inw the reverse of the densities. Sir John Herschel has observed 
-tohlat certain nebuUe actually appear to confirm this law. Since 
-fche eUipticities were zero when the body was devoid of rotation,' 
it ia cleaa" that act-eleration oi axial velocity will cause them all to 
increase until a ceriain limit is reached. But all the elliptieitiea 
-vnW not increase with equal rapidilv ; the ellipticities of the outer, 
less dense, layers will gain ever more and more rapidly upon the 
«lenser and leas elliptic layers at the centre. The divergence in 
*he ellipticities thus increases as the rotation proceeds. With a 
^ven velocity of rotation the divergence increases with increase of 
lieterogeneit;. This being established, let us now consider some 
other figures of equilibrium. Througliout this discussion we are 
supposing the law of attraction to be Newtonian gravitation. In 
the figures of equilibrium hitherto determined, owing te mathe- 
matical difficulties at present insurmountable, nearly ail investi- 
gators have presupposed the fluid to be homogeneous. Among the 
figures established on this hypothesis is the Jacobian ellipsoid of 
three unequal axes ; and the spheroid may be regarded as a par- 
ticular ease where two of the axes of the ellipsoid are equal. This 
Jacobian elhpsoid set rotating in equilibrium about its shortest 
axis is rigorously stable. 

M. Foincare has discussed the dynamics of the Jacobian ellipsoid 
with particular care (' ActaMath.' vol. vii,). He finds that as th© 
rotational velocity of the ellipsoid increases the ellipsoid gradually 
flattens out, and finally passes into the accompanying very remark- 
able figure. 




^he ^uded portion falli 



Fig, 1 represents a section of M. Poincare's figure through the 
ohortest and longest axes (corresponding respectively to similar 
axes in the ellipsoid). This furrowing of the Jacobian ellipsoid 
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parallel to its smallest section indicates, as M. Poincare pointd 
out, a tendency of the body to split up into two comparable 
masses. At the stage represented in Fig. i, the equilibrium is 
rigorously stable. 31. Poincare expresses disappointment In the 
conclusion of his excellent research that his investigation did not 
throw much light upon Laplace's * Nebular Hypothesis.' Prof. 
Darwin undertook a somewhat similar investigation independently ; 
and completed it after the publication of M. Poincare's paper. 
He sought to determine the figure which two homogeneous spher- 
ical fluid masses would assume under their mutual attraction when 
set in synchronistic orbitol motion about their common centre of 
gravity so close together that their surfaces nearly touched. His 
result is given in Pig. 2 for equal masses. 

Pig. 2 (a). 




Swtion (}ierpt»ntiicular tc» axis of n>tation) of Mr. Darwin'^ dumb-bell figure of 
equilibrium. IXitted sei^tion Jni^>biuu ellips4>id of same mass and momeut 
of uiomentum. Scale one-tbird of the original. 

Fig. 2 (b). 




S<vtion tbwHt^h axi* of n>tati:.>u. 

lu Fig, 2 tho Nxholo s^vtkms ar\^ givou — om> through the axis of 
rv>tatii«u tlK^ otluT (vrjHMxdicubr tv» it* Fv>r det^U ami an 
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(idmirable discussion of tUia remarkable dumb-bell figure of equili- 
briom, see ' Phil. Trans,' 1887, 

At the foncliiaion ot his work, Mr. Darwin, like M. Poincare, 
remarks that but little help ia gaiued towards understanding 
Laplace's ' Hypotbesia,' He adds, that both his i-esults and tliosB 
of M. Poincare seem to show that the mass Bfiparatert should bear 
a, very mmh larger ratio to the parent mass than is observed in the 
planets and satellites of the Nolar Bjstem. lie states that the 
mass separated cannot heta a le^s ratio (in case of homogeneity) 
than about one-thirtieth. He agrees with M. Poincare that when 
the equilibrium of the Jacobian ellipsoid breaks down, the body 
splits up into two comparable masses. 

Nowlet us examine the significance of these mathematieal results 
in our study of the origin of the binary stars. Before wo proceed 
further let the reader compare the above figures with Sir John 
Jlersthel's drawing of Double Nebulie, published in ' Phil. Trans.' 
for 1833. Compare M. Poincare's figures with those numbered 
hy Sir John Herschel respectively 68, 69, 70, 71, 72, 73, 74 
(representing the nebulfe numbered 1252, 1202, 604, 1146, 444, 
2197, 140S) ; and i think it will be impossible to escape the con- 
elusion that the foregoing mathematical results are exemphlied hi 
the heavens. Nebulie absolntely homogeneous of course do not 
exist; yet there are abundant reasons for thinking that in many 
cases the departure from homogeneity ia not very marked. If the 
nebula is not heterogeneous to a considerable degree, we may take 
the figures of M. Poini'arc and Prof. Darwin to represent substan- 
tially what would occur aa gravitational contraction proceeds. 
And we may consider tlio figure of a nebula undergoing develop- 
ment momentarily, but not secularly, stable, owing to the con- 
tinual dissipation of its energy and the contraction consequent 
therefrom. Hence we see that if the nebula be homogeneous the 
masH-ratio, which will obtain between its parts when it splits up, 
wilt be a very large fraction, perhaps one-half, one-third, or one- 
fourth, or smaller, and possibly, under certain conditions, unity. 
The above mathematical inveatigatjons seem to show that in 
general the masses would not be exaj^tly equal, but always com- 
parable — i. e. always of the same order. If the heterogeneity be 
not very considerable, when the parent nebula splits up, this aa: 
relative mass-ratio will be nearly maintained, lliere is reason 
beheve that many of the nebula are not very heterogeneous, and 
'we ought therefore to expect a separation into comparable masses. 
This theoretic inference accords with the great number of double 
nebulae and double stars actually observed in the heavens. The 
greater the heterogeneity the greater the divergence in mass-ratio 
from that obtaining in case of homogeneity. This clearly follo«'s 
■from what we have said elsewhere concerning the concentration of 
density about the centre of the parent nebula, and the increase in 
ellipticities of the strata as we pass to the surface. Por the 
thrown off will be taken chiefty fropi the periphend regions 
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of the parent mass ; and even should the volume detached retain 
the same ratio to the parent volume, as in the case of homoge^ 
neitj, still the mass would hear a much smaller ratio to the parent 
mass, owing to the inferior density of the part detached. But, in 
fact, it is easy to see that hoth the mass and the volume split off 
will be less in case of heterogeneity. If the nebula be very, hete- 
rogeneous, the parts detached ought to bear a very small niass^ 
ratio to the central body. With respect to the planetary system 
this conclusion would seem to indicate that when the planets were 
formed our original nebula was very heterogeneous. Under this 
hypothesis our remarkable system is seen to be a particular case — 
an exception to the general process of cosmic evolution, by which 
nebulsB develop first into double nebulae, and then into systems of 
binary stars. Thus far the mass-ratio of the components of stellar 
systems has been determined satisfactorily from measurements in 
but few cases. But if we take the binary stars as a clans we shall 
not err greatly in supposing the mass-ratio to correspond with the 
amount of light we receive, and this can be determined from the 
magnitudes of the stars. 

In particular cases this method of inferring the relative masses 
of stars of a system from their magnitudes would doubtless fail. 
And in general the value thus deduced would probably be a little 
too small ; still, it would at least give a rough approximation to 
the truth. It now remains to examine the orbit which the 
detached mass would pursue when first split off. From the very 
nature of nebular contraction we may with safety assume that 
acceleration in angular velocity proceeds slowly and steadily — 
there are no sudden jerks or stops. This being the case, it is certain 
that separation takes place very slowly ; and we may unhesitat- 
ingly affirm that in general many revolutions are performed while 
the splitting process is in progress. Sudden accelerations in 
angular velocity being impossible, we see that the orbit the 
detached mass l)egins to pursue must be nearly circular. Were 
the orbit highly excentric, the action of the larger body would 
soon reduce the smaller mass to a train of meteoric dust ; and, 
when once strewn out into a girdle, it could never condense into 
a star. But the mass split off being set revolving in an orbit 
nearly circular, the action of the larger body could not spread the 
smaller swarm out into a meteoric ring ; and, condensation forth- 
with proceeding, it would escape disintegration when the orbit 
eventually became expanded and highly excentric from the secular 
effects of tidal friction. When just separated (as is apparently 
the case in Horschel's figure 68) the masses doubtless rotate and 
revolve in synchronism. But the dissipation of the energy of 
either mass soon permits gravitational contraction, and this 
causes the axial angular velocity to surpass the orbital angular 
velocity, and then tidid friction b^ns to operate. Under these 
conditions tidal friction increases both the major axis and the 
^xcejitridty of the orbit. And in general these elements will conr * 
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&ue to increase until the rotations of both stars are Teduced to 

sjnchronism with the orbital revolution. When this state is 

reached, we have the maximum of excentricity ; afterwards the 

oxcentricity is again very slowly reduced to zero by the secular 

action of -libration. Such a rigid state would probably not be 

reached until both bodies have become entirely dark, since the 

angular velocity will continue to accelerate as long as contraction 

takes place. When finally this state is reached, however, the stars 

will show always the same faces to each other, and the system 

will continue to revolve as though rigidly connected for ever, 

unless acted upon by external forces, or ethereal or meteoric 

resistance. These suggestions of secular dynamic instabihty have 

a p»articular interest also when applied to systems of the Algol 

typ>e, where the bodies are not only both very large, but also very 

close together, and therefore the tides in all probability enormous. 

Firom what we have said it will appear that astronomers have 

hitlierto greatly underestimated the importance of tidal friction as 

a formative agency in the history of the Universe. It has' 

ceirtainly left a distinct impress upon the orbits of the stellar 

systems, and even in the case of the solar system it has exercised 

some influence. I do not, therefore, hesitate to 'rank tidal friction 

as one of the most important agencies operative in the development 

of the various systems of the Cosmos. 

^ In conclusion, I beg to add that this and my former article con- 
st xtsute only a very brief outline of the general conclusions at 
w-lxich I have arrived by the investigation mentioned — an inves- 
tigation which explains satisfactorily the great excentricities of 
|^h.e stellar orbits, the large mass-ratio of the components, and 
i*^tiimately connects binary systems with double nebulae, constituting 
tVierefore a coherent theory, of which the probability, to my mind, 
closely approaches certainty. 

Jt is difficult to see how either M, Poincare or Prof. Darwin 

could have felt disappointed, had he realized the full significance of 

J^is splendid dynamical researches as applied in the Universe at 

l^rge, and not merely as reflected by the solar system. It appears 

^ me that more light will be thrown upon the general process 

^* cosmic development, if, instead of studying the Universe in 

8©neral through the solar system, we base our general deductions 

^^ a study of the double nebula^ and stellar systems. Thus we 

^^7 hope eventually not only to attain to a safer scientific basis 

t' Btellar cosmogony, but we may also even approach the forma- 

1^^ of the solar system from a new point of view — from the 

sidereal heavens. On first sight, it appears doubtful whether the 

P'^tiets and satelUtes were separated, as Laplace supposed, in the 

lorjn of rings ; a separation in the form of lumps or bulky masses 

J^ons in general more probable. Finally, whatever may prove to 

"® the value of the ideas I have herewith advanced, it is but proper 

^^ Btate that whUst I began the investigation and arrived at the 

^^in conclusions independently, nevertheless, in the exact mathe- 
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luatii-al inn-stisralii'ii I ha\e profited by a study of Prof. Darwin a 
f vti4»Mv.- tiiW (vsi.-arvl>i^« ; and therefore I should be ungracious, 
li lu'i iinKx^i til -^'aif Eoeasiire unjust, if I did not acknowledge 
luT «D«v«kI iBilvt't^on^ (o Prof. Darn'in for Bome metbuda of 
nwttreti (HupkiTwd in Us reiy able papers. T. J. J. IShb, ' 

kn, Pniiwi. ttgt. Feb. 7. 



John Harrison. 



T. J. 3. iSBB.^H 
hm; elapsed am^i 



rtt lh» 24th (»£ this month, 115 years will Iihm; elapsed 
Jvbu Hjirrifou tle[iarted thia life, at the advanced ago of 83 
»tu>l •lihu'ujiJi ihe ifut«nary of his death was not noticed in 
■MU'iikitic I'iirli's, it certainly was of auflicient importance to have 
t>wu thus distiugiushed. There is thus the more reason for 
K>MUiii$( viMiM> of the more interesting facta about him on the 
>irvin'iit i.>ocn»ioQ. when several of his productious are about to be 
KtntM^JiMl £i\>iu the Eoyal Observatory to the approaching Eoyal 
\*«ij Kxhibition at Chelsea. It is not my intentiou to attempt 
W !(i>i*» iui,vthui{; like a biography of Harrison, but to confine 
iw.viwtU ty the bistory and performance of the celebrated inatru- 
luuiit, Ewr which he received the Government premium of i!2o,ooo 
I'HvwjiJ, iu th») yottr 1714. Often as thia instrument has been 
wiittwo itbwit, it bus never yet been quite correctly described, 
h'wui Iho tw.'t that most writers have not seen it, and others have 
Mvi b&ii thv opportunity of closely inspecting it. Having recently 
hiid it uutnwwu by the present Asti-onomer Eoynl to my care for 
iho pur^Kwi- of cleaning and examination, I feel in a position to 
wi'im wtth ■«.'in» confidence on the subject, and also think that I 
Viui v.\|>JiUii to a wnsiderablo extent the reason of the very great 
utipluMUitiMva which took place between Harrison, the Board of 
L>Miuitiiit<.s Mud the Astronomer Eoyal of tbe time. 

tou iunti'utUMit is known as Harrison's fourth timekeeper (some 
«iiWw l*»vu erroneously styled it tbe third) ; it is tbe first which 
l)i> uuuk' iu * portable form, the others being more iu the form of 
vluvX*! Ui owes some 2 feet square. It is contained in a double 
«ilvtw >,itt«.< 6 iikchva iu diameter, and, although popularly styled a 
»■ tiluviiiunwWr," i« really only a vei^e watch. The secouds' hand 
ia <u Lhi,> vvutra, und, from the construction of the escapement, 
•HiAW U> * Hviuulous uuuuier, which is not convenient for obaerva- 
^if),\, Mfhlvcu vhrouonteters beat half-seconds. 

'fW lliHv i.'bi*>l' (eatures in tbe instrument are the going fusee, 
^' V(>U)l>t'k>a«ttuM i-urb, and the remontoire ti-ain. Tbe importance 
uj |Jh\ Ural Ivvo i,<tuuiot be over estimated, but the value of the |ast 
u iJwuWy'' '^^'^'^U^ *' appears to have been the leading idea in 

^Wwi'*** 'f*'^ ^'^ *"* «ofk, we consider in these days that his 
It ftiM M U WivUS priuciple, and that he started from u 
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tiod ±'«LiudAUoii ill Liiiliig it, apai't from tlie diiUculty of making it 
properly. It is affected, more than any other, by inequahties in 
tli« ■p*'"'^'' "f tl^^ mainspring, so he added the secondary force of tha 
remontoire, in order to communicate a constant impetus to the 
G^okpement at intervals of seven and a half Beconds. Tbe 
itigenuity displayed in tha arrangement ia simply marvellous, but 
ao much extra friction ia introduced by the addition of the remon- 
j*ire train that it ia doubtful whether the extra force (which is 
mparfced by the alternate coiling ard uncoiling of a spring) more 
*flan counterbalances it. All the acting parts of the instriiraont 
ape closely concealed by ornamental brass work, so that it ia im- 
POesible to ejtamine them without partly taking it to pieces, and I 
couture to assume that this was one cause why the Board of 
l^ongitude were prejudiced against the instrument when it first 
"ftme before them. I must not omit to state, however, that the 
Workmanship ia perfect throughout, the wheels and pinions are 
"eautifully cut, and the steel has been hardened and temjwred in 
t-lie most scientific manner possible, otherwise the pivots and 
springs would not stand the manipulation which is necessary to 
&~et them in their places. High pohah has not been aimed at, 
out everything has been done with a view to utility. On the 
plate ia engraved " John Harrison &• Kon, 1759.'' 

In 1761 the instrument was sent for trial in a Iving's ship on a 
Voyage to Jamaica and back, under the charge of Harrison's son, and 
the longitude having been determined within iS miles (the maximum 
condition being 30), Harrison claimed the reward, hut the Board 
of Longitude considered that further trials should be made. On 
August 17, 1762, Harrison was asked if he were wilhng that it 
Hhould be tested at the Koyal Observatory under the superriaion 
of Mr, Bliss, the newly appointed AatrononiBr Boyal, but he 
decidedly objected to let it go out of his bands. 

Finally, it was arranged that it should be sent on another 
voyage to the West Indies, and that he should previously deliver a 
sealed up rate to the Secretary of the Admiralty. Thia he did 
on March 26, 1764, Dr. Moskeljue, who the following year 
became Astroaomer Eoyal, went out in the ship in order to 
observe the daily performance of the instrumeat, which performed 
admirably, and determined the longitude within !□ miles. The 
tirst half of the reward waa then paid, but further conditions were 
iuposed before the whole was promiaed^one being, that an exact 
duplicate must be made by some one else. This task was accom- 
pliabed by Larcum Kendall, Harrison's apprentice, who toot 
higher ground %vith the Admiralty thau chronometer makers are 
able to do now, as hia stipulated price was £400, payable in 
advance, and he only midertook to make exact copies of the various 
parts without being held responsible for the performance o£ the in- 
strument. Thia of course did not tend to make Harrison's production 
any more popular, but he said hiinaelf that he expected the cost 
in a few years would not exceed £100. It baa been erroneously 
K 2 
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stated by several writers that this copy, by Larcum Kendall, was 
used by Captain Cook on his second and thh'd voyages, the fact 
being that it has never seen actual service like the original. 
Captain Cook's— made by Larcura Kendall in 177 1 — ^is constructed 
on much simpler principles, and has no remontoire action. I was 
entrusted with the task of cleaning it at the end of 1889 by the 
Council of the Boyal United Service Institution. Unfor- 
tunately, the escapement is worn out. But to return to 
Harrison's. On the 5th of May, 1766, it was handed over by the 
Lords of the Admiralty to the custody of the Astronomer Royal, 
for the purpose of being tested at the Royal Observatory for a 
period of ten months, viz., to March 4, 1767. It fully sustained 
the reputation which it had gained on the "West India voyages, as 
its rate in ordinary temperatures was exceedingly uniform — the 
first day of rating it gained 17-6, and the last 187 ; but when the 
temperature fell to 26° it gained nothing, which, unfortunately 
for Harrison, was the opposite to what he said it would do. It 
is a proof, however, that he had so far mastered the principles of 
compensation as to actually reverse the usual effects of cold on the 
going of a watch. The Astronomer Royal finally reported on the 
instrument as follows : — ** That Mr. Harrison's watch cannot be 
dep(>nded upon to keep the longitude within a degree in a West 
India voyage of 6 weeKS, nor to keep the longitude within half a 
degree for more than a fortnight, and then it must be kept in a 
place where the thermometer is always some degrees above 
freezing : that in case the cold amounts to freezing, the watch can- 
not be de[)ended upon to keep the longitude within half a degree for 
more than a few days, and perhaps not so long, if the cold be very 
intense : nevertheless, that it is a useful invention, and, in con- 
junction with the observations of the distance of the moon from 
the sun and the fixed stars, may be of considerable advantage to 
Navigation." The Astronomer Royal also took exception to the 
groat increase of rate since the voyage ; in the interval the instru- 
ment luul been cleaned, and he considered that the former rate 
should havi> lx»en maintained. Harrison was requested by the 
Hoanl of FiOngitude to make two similar instruments for testing 
at the Roval Observatory, but it does not appear that this condition 
was eiMupliiHi with. He made one for the King, which after ten 
wiH>ka* trial at his private observatory at Richmond, is said to have 
\*aniHl only 4^ seiH>nds, It is cum^ntly believed that His Majesty 
^H^r?4onally intenx^tiHl himself on Harrison's behalf, and that the re- 
maiiwlor of the reward \^"»s i>iud over in consequence of his inter- 
vi>>utiou. As a matter of faou the iustnmients had become obsolete 
befow they weri> ivwd for. Muilge, Arnold, and Eamshaw were 
nix \\\ tW tield, appn>priating Harrison's and each other's improve- 
nH>ut9 iudisoriuiinatelT. 

When i\iptiuu i\H>k saiUx) on his s*H>ond expedition in 1772, he 
had Um»o of .\moldV with him^ in addition to the historic one of 
K^nidall 9 idriHHi^' nnnxtKUHHl* T\\^ of these ai^ in the possession 
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.this Royal Society, and I cleantd and reMtored them early last 
year. They hare a rude form of the preswit chronometer esciipis- 
ment aud beat half-seconda. Although roughly constructed, they 
prove Arnold's inventive genius to have been quite on a par with 
Harnson's, and there is no douht but that the Astronomer Royal 
and the scientific men whom be consulted considered that Arnold's 
instmmentB were likely in the long run to give better general 
results thau those of Harrison and Mudge — the latter having 
adopted a form of the verge eacapemeot which waa quite as com- 
plicated aa that of Harrison's remontoire. John Harrison, how- 
ever, waa tiie pioneer of the improvements which have gradually 
led up to the perfection which is expected at the present time. 
Fii'e milea is now the maximum limit of error which is allowed in 
k first-dasa Government chronometer, and the longitude is fre- 
queutly determined within one. At the same time, the science of 
navigation has made such progress that the manufacture of chro- 
nomaters is yearly becoming less advantageous to those engaged 
in it ; and it is ouly when a vessel, like the ' Calliope,' is suddenly 
teen out of her course, that those in charge of her fee] really 
d^endent ou the escellence of their chronometers ; but it is a somid 
pnariple to be always ready for the uLiexjwcted, thei'efore their 
iue, in a limited degree, will always remain aa a necessity. 

Jameh U. Poole. 



Selenographical Notes. 

Jcuua C-ssAB.— There are numerous points of interest in con- 
nection with this abnormally-shaped walled plain wliich render it 
well worthy of examiuatiou uuder many different phases of illu- 
mination, but eapecially ao wboii it is ou, or not far removed from, 
the morning terminator. Like Frac-astoriua aiid some other foi'- 
matioua a wide section of the border is to a great extent wanting ; 
bat in this case the breach of continuity is less obvious, and what 
represents a southern wall is more or less easily traceable even 
under a moderately high Sun. 

The most striiing feature at sunrise is the wide deep valley 
running ou the weat side of the formation. Commencing a short 
dialauue north of Hosigeuea, aud gr^iduoJly increasing in width as 
it proceeds northwards, it ultimately trends towards the Mare 
Yaporum, as do also numbers of bills piirallel to its general direc- 
tion. It is crossed trausversuly by three or four curved ridges 
which, though obscured nt sunrise by shadow, are very distinctly 
seen about two days after the ist quarter. Their appearance 
suggests that this gi-eat lougiliudinal hollow represeata a row of 
large depreaaioua, the division walls of wluch have been partially 
broken down. Schmidt's dniwing also confirms this idea. The 
very remarltable character of the south border o£ Julias Ctesar is 

tteeen when the north-east wall is on the moruiug terminator. 
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Under these conditions a view is obtained of very noteworthy 
details a little east of Sosigenes which seem to point very clearly 
to alluvial (or diluvial) action. Here, two curved valleys, separated 
by gently-sloping hills following the same curvature, and bending 
towards the north-west, may be traced nearly up to the southern 
end of the deep chasm just referred to, which exhibits a slight 
bend towards them or towards the south-east. Under high powers 
and good definition these valleys strongly impress one as being due 
to the action of liquid flowing from the eastward into the southern 
end of the great depression. The spurs from an apparent accumu- 
lation of material south of the valleys also exhibit clear indications 
of a drift towards the same point. As regards their gentle swelling 
form ard intervening hollows, they remind one of the " coombs '' 
in the chalk districts of Herts and Sussex. Schmidt shows, but 
far too coarsely, much detail in this region, but no idea of its 
actual character is to be gathered from his map or from those of 
Madler and Neison. Sosigenes and Sosigenes a are connected by a 
wide low bank, which seems to have had the efiect of diverting the 
drift of the liquid material towards the north-west into the upper 
end of the great valley. Altogether it is a district of great interest 
which will repay careful examination. There is a bright deep 
crater of considerable size on the crest of the north wall of Julius 
CflBsar, which is shown only by Schmidt, who a^so draws a small 
companion to it on the south, though it is especially prominent 
when the formation is on the morning terminator, the more so 
from its connection with the narrow culminating ridge of the 
eastern wall, which at this time is a very brilliant feature, extend- 
ing nearly up to the more northerly of the two large depressions 
at the southern end of it. Neither Madler or Neison show these 
depressions, each of which is as fully as large as Sosigenes on the 
opposite side of the ring, but very much shallower and of a dif- 
ferent type, though they ai'e prominently visible a day or two after 
sunrise. At an earlier stage they are obscured by the shadow of 
the \\^, and only a small crater on the south border, west of the 
pair, is to be seen in the vicinity. On the western side of the 
floor and bordering the long deep valley is a mass of material of 
the same tint as the northern part of the interior, resembling a 
large mound heaped up against the wall. It is apparently about 
14 or 15 miles in ^ddth on the south, where it abuts on the most 
northerly of the curved hills associated with the valleys mentioned 
above, and, gradually diminishing in breadth, dies out before 
reaching the north-western side of the floor. It is of no great 
altitude, though at sunrise a very distinct but narrow band of black 
shadow fringt^s it, and there is a shallow oval depression on its 
s\irfat»e which cannot be rt^garded as a true crater. With this excep- 
tion it is devoid of detail, and appears to be of a similar character 
to the largi^ circular swellings on the north border of Fracas- 
torius. 

In the maps of Mlidlor and Noison the floor of Julius Caesar is 
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& blank as regards detail, and Schmidt shows only a long ridge 
running in a north to south direction near the centre and two still 
l(Higer ridges (close together) between this and the west wall. The 
only objects I have detected are two low circular mounds, one 
nearly central, the other some distance west of it, and a doubtful 
object, bounded by an ill-defined black shadow at sunrise, near the 
foot of the north-east wall. This part of the interior is so dark 
under a low Sun that it is very difficult to decide as to the nature 
of the detail observed thereon, but this object has been suspected 
niore than once to be a crater-cone from the form of its shadow. 
On January 16, 6** to 7**, the various features just described were 
well seen with a power of 350 on my 8|-in. Calver reflector, defi- 
nition being very good, and in addition the delicate cleft running 
on the east side of Maclear up to Sosigenes a. There are 
two others west of this, which I have seen on previous occa- 
sions, that I failed to detect. Four or five small bright isolated 
Juoiintains stand south of the low south border of Julius Caesar 
which are not clearly traceable in the maps, one of the brightest 
^d loftiest standing a short distance due east of Sosigenes near 
the eastern end of the most southerly of the shallow curved valleys 
described as trending towards the south end of the great longitu- 
dinal depression on the west of the formation. The monotonous 
floor of Julius Caesar has a general slope towards the north, which 
™*y account for the difference, amounting to i i° on the accepted 
scale of tints, between the darker northern end and the area south 
ot the centre, which Neison estimates to be 3°. A commencement 
^as made some years ago, under the direction of Birt, with obser- 
vatione intended to test the constancy of the tone of the floor 
nnaer various solar altitudes, but they were never completed. In 
tne Case of the formation Boscovich on the east, the interior of 
^^ch shows differences of tint very similar, Birt found the dark 
nortljQ^^ area almost invariable under all conditions, while the 
r?^®!* remainder varied from 3|° under a low Sun to 2j° under a 
S*^ Solar altitude. It would be an advantage to selenography if 
^®^ tint observations, undertaken nearly twenty years ago, were 
^ined and diligently carried out under better optical conditions, 
g Thos. Gwyn Elgee. 

^^Utnont House, Shakespeare Itoad, 
Bedford, 1891, Feb. 19. 



TTie Winter of iSgo-iSgi. 

Ik 

^Ur January number we gave some particulars of the cold 

P^JC^^enced to the end of the year as recorded at the Eoyal 
^^^irvatory, Greenwich. We now append an account of the 
^^ole period of cold. It commenced on November 25, and until 
j^^^Uary 22 the mean temperature was below the average on every 
^y excepting January 13, when it just reached the average. 
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Grouping the interval from November 19 to January 27, which 
includes the whole period of cold, into five-daily periods, we obtain 
the following results, to which are added, for comparison, the corre- 
tsponding mean temperatures for Paris, as deduced from the 
numbers given in M. Elammarion's 'L'Astronomie' for the month 
of Februarv. 
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Tlioso ros\ilts bring out the persistent character of the frost, the 
mean temperature at Greenwich having been below the freezing- 
iH>int for seven consecutive five-daily periods. The numbers in the 
last oi>lumn show also the much greater severity of the cold at Paris, 
with the exception of one jieriod December 19 to 23, when the 
onlinary oimdition of things became reversed. In Scotland the 
tomjvnUure was gtM\t»raUy higher than at Greenwich throughout, 
friHiuently much higher, and thus in striking contrast with the 
IWis temjxn'jituri^s. 

At GrtH>uwioh the tomiH>rature was continuously below 32°, 
on Novemlvr .27, .xS: IKwmlvr 10 to 19, 22, 23, 25, 28 to 30 ; 
Jaiuiarv 2, 6 to 8, 10, ik ami i; to 19 ; and indeed was conti- 
nuously Uxlow 32"^ or fell below 3 2^^ at some j^art of the day or every 
iiiy Ivlwivu Novomlvr 25 juul January 22. excepting December 3 
to 8* Jaiuiary 4* 13, and 14. The greau^i deviation of the mean 
daily tomivratuix^ fnnn tlH> awrage in txioh of the three mrmths was 
— lo'^M on No\emlvr ^8, —20^7 on IVivmWr 22, and — 19°*3 
on Januarx' In.> ; aiul the louwiit teiu(H^Riturvis rvcoided were 18*^*3 
o«^ NovomWr i5\ 13^' 4 on IVvtHwU^r 22* ami i2"-o on Januair 10. 
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The mean temperature of the month of December was 29°*8, or 
ii°'o below the average, which is much lower than that of any 
other December since the estabUshment of the Magnetical and 
Meteorological Observatory in the year 1841. The lowest previous 
means were 33°-o in 1844, 32°*9 in 1846, 34°-o in 1853, 33°'6 in 
1870, 33°-2 in 1874, 33°-8 in 1878, and 32°-4 iu 1879. At Paris 
the mean temperature of December was only 25°'9. W. B. 



CORRESPONDENCE. 

To the Editors of ' The Observatory: 

John Fabricius and the Solar Spots, 

Gentlemen, — 

You refer in your last Number (p. 102) to the proposed 
erection of a monument in memory of David Fabricius, to whom 
we owe the first discovery of the variability of Mira Ceti and other 
interesting astronomical observations. I should like, with your 
permission, to say a few words about his son, John Fabricius, the 
author of the tract * De Maculis in Sole observatis et apparente 
earum cum Sole conversione Narratio,' which was published in 
161 1, and contains the earliest observations of solar spots indicat- 
ing by their motion a rotation of the Sun on its axis. 

Tiaden, in his ' Das Gelehrte Ost-Friesland,' calls in question the 
authorship of this treatise, which he suggests was written by John 
the brother, not John the son, of David Fabricius. Not only, 
however, is his argument very weak that John the son was too 
young (he was born early in 1587, and would have been in his 
twenty-fifth year in 161 1) to be likely to have made the obser- 
vations in question, but, as Madler remarks (' Geschichfce der 
Himmelskunde,' vol. i. p. 207), many passages in the treatise are 
quite inconsistent with this theory. The author speaks of letters 
he had received from his father, David Fabricius, on the subject 
of the appearance of ths Sun's disc, and afterwards of their 
observing the solar spots together after his own return from 
Holland. " Nolui (he writes) tamen mihi etiam in manifesto is to 
oculorum testimonio propter monstrosam et inusitatam Solis appari- 
tionem assentiri. Vocavi ilico parentem, cui turn temper is ex 
Batavia reversus aderam, ut ad banc observationem, non quidem 
sine metuendo oculorum damno hdbendam, accurreret." In the 
preceding page we have the words " et parenti meo Davidi 
Fabricio. Undoubtedly David had a brother as well as a son 
named John ; but these references are clearly to his son, who was 
therefore the author of this treatise. We do not know the 
Christian name of David's father ; but we do know (from a 
memorandum of the son) that he died in 1608 at the age of 82. 



1 



130 (hrrespoTtd-Knce. [No. 1' 

David himself was cruelly murdorod in his own garden in May 
1617 by a peasant whom he had accused oi theft, The date oi 
the death o£ John FabriciuB is not knoM-n, but it appears, from a 
letter of Kepler written in October 1616, that it took place more 
than & year before that of his father, so that he must have been 
less than thirty years of age at the time. Tbe kind-hearted 
Kepler snys in this letter (which is quoted in E. Wolf's ' Gescbichte 
der Astronomie,' p. 317) "ich fiihle dass du eines braTen Sohnes, 
der die Philosophie eifrig pflegte, und ich meinea Liebliogs beraubt 
bin." His premature death was undoubtedly a loss to astronomy, 
Blaoiheath, 1891, Teb. 4. Toara (aithEully, 

W. T. Li-BS. J 

Uncalalogued Comets. ^| 

In your last Number (p. gS) the Eev. 8. .T. Johnson has 
called attention to three " impatalogued comets." May I point 
out that they have all three been erroneously dated by Calvisius "? 

A.D. S3S should be 539, for which year Calvisius does not give 
any comet. Compare Burckbardt, Monatl. Cciresp. xvi, pp. 499 
et »eq., where the doubts suggested by Pingr^ are cleared up, 

A.D. 599. This comet appeared in 595, and not in 599 (Pingre, 
t. p. 326). 

A.D. 1505. Here, again, Calvisius has made a mistake ; for 1 505 
read 1506. Lubienitzki (ii. p. 317} remarks that Calvisius in hia 
licipzig edition has given the coiTcct year, 1 506, hut that he. 
changed it to 1505 in the second edition. 
The Observfitory, Armngh, Tours faithfully, 

1S91, Feb. IJ. ,T. L. B. DttETEB, 



LnJande 1 1292. 
Gbktlbmen, — 

This star was rated 7th magnitude by Lalande, but I 
with binocular that there is no star of even 8th magnitude near the 

Eosition given in the reduced catalogue. About i" due north, 
owever, of Lalande's place I find a 6th-magnitude star, which is 
not given by Lalande or Harding. This seems to he B.A.C 1907 
=D.M. + i2°, 968, rated 6th magnitude by Argelander and Heis, 
and measured with tbe photometers at Harvard and Osford, 
Lalande's place brought up to i88o-d agrees fairly well with the 
position of B.A.C 1907, i/we admit that there is an error of 1° in 
the N.P.D. in Lalande's Catalogue. It would therefore seem 
probable that for N.P.D 78° 13' z-]''l "e should read 77° 13' 2-]"-j. 
Ertllvaodare, Ireland, ^°^^^ faithfully, 

'1891. Fob. •;. J. E. QOEB. 
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OBSERVATORIES. 



Leiden. — Two importajit volumes oi: Anwals Lave recBDtly 
^ea published, the sth and 6th o£ the series. The Sth conttuns 
tie second half of the zone obaervations hetween 30" aud 35°, 
aJJotted to tliis Obseiratorj in the programme of the ' Astrono- 
iniache Gtesellachflft.' Theru are ahout 10,000 observations, just as 
Ju Vol. IV., which similarly containa the first half; and as the 
zoa^ contains aomething over 10,000 stars, each of which is to he 
obs^ived twiue, a few observations are stiU required to complete the 
wor-fc. After these are obtained we hope it will be found possible 
to -print off the Catalogue speedily. The only noteworthy point 
in "fclae reductions, beyond the great care with which they have 
obviously been carried out, is the curious correction to nadir-point 
depemding on the time during which the observer has been reading 
the Juicroscopes. Apparently his body gradually warms the inatru- 
meiit aud the nadir slowly changes. The empirical formula de- 
duced to represent the change is 

• (-0-5+ V" 5+^). 
wliote ( is the time in hours and a a constant for the evening, 

lia the sixth volume the Kenith-distancea of fundamental stars 
observed from 1863 to 1874 are re-reduced, with special attention 
to sjatematic errors recently discovered and investigated. The 
present Observatory was founded in 1861, and the meridian-circle 
remained undisturbed tdl 1876, when it was sent to Messrs. 
^E*sold for cleaning and repairing. The observations of funda- 
•"^ntal stars made during this period were published in rather a 
scattered form, of which Dr. Bakhuyzen gives a comprehensive 
'"'tsoant; and tho old reductions cannot he regarded as definitive. 
TU^ present reduction was therefore undertaten, and Dr. Bak- 
nnyaga hua reason to he well content with his first victory over 
that terrible Oid-Man-of-the-Sea, arrears of reduction. It is a little 
pn.azJing to find only ledgers of the results (in which, however, all 
•l^ilj results are deduced to iS65'o), and no definitive Catalogue. 
I'srliaps this is reserved for a later volume. 

IVIiBHAB. — Mr. Pogson has produced the third volume of obser- 
■^tiotis with the meridian circle, giving annual ledgers and cata- 
logues of the stars observed in 186S, 1869, and 1870. Five more 
ft these volnmes are yet to come to complete the aeries of Separate 
R^Bulta from 1862 to 1887, some pressure having apparently been 
pit on the Director to publish these results as soon as possible, 
rather than the observations of minor planets, variable stars, &c., 
to which he would have preferred to pay attention. The volume 

is in nil essentials similar to the two preceding. (See ■ Obaerva- 

tury,' Nos. 125 and 145.) 
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Haevaeu College. — Besides the Meriditm Photometry noticed 
in our last number, we have received two other volumes of Annals 
dealing with Meteorology. 

Also an interesting and well illustrated History of the Obser- 
tory (32 pp., 8vo), during the first fifty years of its existence 
(1840- 1 890) by Mr. Daniel W. Baker, originally written for the 
public press, but containing matter of so much interest and value 
as to be worth preservation in a more permanent form. 

WoLSiNGHAM. — Erom Mr. Espin's report for 1890 we learn that 
** during the Spring the revision of the proofs of the last pages of 
the new edition of the * Eed Stars ' was completed, and this work, 
which has been carried on since 1886, has been published by the 
Roval Irish Academv. 

" The search for stars with remarkable spectra has been continued 
during the year. Some 70 have been detected, bringing up the 
total to 530. During this year only four stars of Type IV. have 
been detected ; three of these are so faint as to leave some uncer- 
tainty as to their classification. The special study of certain variable 
stars has also been continued. The most interestiug results are 
the establishment of the variation in the spectra of R Scuti and 
R Coronae. The first varies from a scarcely perceptible third type 
to a normal third ; the second from a continuous first type to a 
spectrum which resembles the fourth type — as would be anticipated! 
there is a marked variation in colour. 

" Two new variable stars were discovered last year and announced 
by circular." 



Melboitene. — Mr. Ellery's report for 1890 is more than usually 
interestiug. He has succeeded in polishing one of the mirrors of 
the Great Equatorial, so that it is now of a more perfect figure 
than when it was first received at the Observatory; and the 
instrument is already quite fit for carrying on work in revision of 
the nebulsB, and for stellar spectroscopy. The other mirror is now 
on the machine. 

Under date September 1890, the Astronomer reports that the 
building and dome are all ready for the photographic telescope, 
though no news had then been received of its shipment. He hopes 
it will reach them " before the summer has set in,'' — a remark which 
puzzled us for quite five seconds, in spite of early teaching as to 
the habits of the Southern hemisphere. 

With the transit-circle 3242 E.A.'s and 1782 N.P.D.'s were ob- 
served on the usual lines. The second Melboinrne Greneral Catalogue 
was published in 1890, February (see ' Observatory,' J^o. 160). 

New quarters have been built for the Astronomer ; and the 
Obser^'atory has been hghted with electric light inside. Outside it 
is still quite dark, and dangerous even to the initiated ; and the= 
Board of Visitors point out that this is not nice. 

Mr. Ellery notices in his report the necessity of reducing the 
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nnmber of Australian Meteorological Stations reportiiig by tele- 
graph, as the telegraphic authorities may find the necessary work 
too burdujisome. This is a fine opportunity for some one to make 
disparaging remarks about Meteorology, 

WAsnraGTos, — The U.S. Naval Observatory is apparently 
suffering from a dell^^h of workers. Naval Officers have ret-ently 
not been, spared in sufficient quantities, and consequently the work 
is behind. Thus the tranai^circle work for 1885 is in print ; the 
reductions for 1886 ara nearly finished, and the apparent place 
reductions for 18S7 are more than half completed ; but those for 
1S8S, 1889, and i8go have not been commenced. Prot. Asaph 
Hall has been at work <^ith the Equatorial on the satellites of 
Saturn and Mars, and on double stars, hut here, again, computing 
help is wanted. Mr. Paul has chiefly worked at his own variable 
8 AutliiB, whose period he finds to be 7'' 46"" 48''o within a 
fraction of a second, barely a third of that of the next shortest, TJ 
Ophiuchi. The report of Mr. Harfcness rather takes away our breath, 
and we append it in full, for the benefit of those who like this 
sensation : — 

"idiit,^! have the honour to report that during the year ending 
June 30, 1890, I had no assistants, and nearly all my time was 
devoted to inveatigafions and computations connected with my work 
on the Kolur parallax and its related constants. 

" As is weU. known, there exists a vast mass of astronomical, 
geodetic, gravitational, and tidal observations which have hitherto 
been discussed piece-meal, and have therefore yielded only isolated 
results. Jly object has been to deal with these observations as a 
whole, and to derive from them a homogeneous system of constants 
satisfying all tlie conditions imposed by our present theoretical 
knowledge. Por that purpose recourse was had to the method of 
least squares, and a suitable system of simultaneous conditional 
equations was formed. The constants involved in these equations 
were the size of the Earth, the lengths of the seconds pendulum, 
the sidereal month and the sidereal year, the ratio of the mean 
motions of the Earth and Moon, the eccentricities of the orbits of 
the Earth and Moon, the inclination of the Moon's orbit, the rata 
of regression of its node, and certain co-efficients occurring in the 
lunar theory, and the first step was to ascertain the best values of 
these quantities. The observed quantities to be corrected by the 
least-aquare adjustment were the solar and lunar parallaxes, the 
constants of precession and nutation, the parallactic inequality of 
the Moon's motion, the lunar inequahty of the Earth's motion, the 
constant of aberration, the light equation, the velocity of light, 
the flattening of the Earth, the masses of the Earth and Moon, and, 
indirectly, the masses of Mercury and Venus. In order to obtain 
proper values of these quantities fornse in the conditional equations 
' it was necessary to collect and discuss all the available astronomical, 
geodetic, gravitational, and tidal data; and, as this discussion in- 
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eluded a special investigation of the masses of Mercury and Yenus, 
the labour involved proved very great. Some unexpected delays 
have occurred, but the work is now so far advanced that 1 1 1 pages 
of it are in type, and it is believed that the entire paper will 
app(iar in the forthcoming Observatory volume foy the year 1885. 

" Very respectfully, 

"Wm. Haekness, . 

" Professor of MathemcUics U. 8. Navy^ 
Of Executive Committee of Transit of Venus Commission.^^ 

" The ISuperititendent of the Naval Observatory," 



PUBLICATIONS. 

Hanbhook of Practical Optics *. — ^The name of Steinheil is in 
itself almost a sufficient recommendation for such a book, and the 
practical optician who can read German will be very grateful to 
the joint authors. These were fired by a remark of Fraunhofer's, 
** Kliigors ' Dioptrik ' is the only book a practical man can use,*' to 
attempt tht» production of a modern book on the same lines ; and 
the verdict as to tlieir success or failure must of course come from 
tho practical optician. But as fai' as one who has not this qualifi- 
cation can judge, their prospects are good. The work is nothing 
if not practical. There are no attempts at elegant mathematical 
formuUv, which, indeed, we may as well be content to believe impos- 
sible in optics. The problems solved are of the most concrete form 
and are tackled straight forwardly and numerically. The study of 
a lens is conducted on the following plan : the courses of a central 
ray and a boixier-ray (Eandstrahl), each supposed to consist of two 
definite* colours, are traced through it and comp&red — numerically 
throughout. The appearance of such work is not pretty, but it is 
kept thoi\)ughly iu>at and orderly, and one feels considerable con- 
iidenoo that the result is correct. In fact the book must represent 
a t<Triblo amount of good honest grind, and we sincerely wish it 
every suect^ss. 



NOTES. 

TuK SrKi^KiV^Cinnr Binaries. — Dr. Vogel has examined early 
pl\oti^niphs taken at Pot^lam of the 8jxx?tra of p Aurigae and 
i' Trsa^ MajorivS whivse binary oharaoter \^*as discovered at Harvard 
in>m the doubling of the lino* in their s[xvira: and in the case of 
^> Auri^^ t\i\ds tiiat the doubling is well-marked in many photo- 
graphs fnnu 1S88, Novinuber 14. on\^~anis« though no particular 
attoutivui was \^id to tho fact at the time, and hence the discovery 
\\m9 missed. 

♦ lUndbttoh iWr A))^>i^«m)!x^)) i'^Mik. Von Thr. Ad. ^«nheil imd Dp. E. 
V\Mt. IM, I. \\M>iiu»etJ\M\^ fx\r di<> IVixvUnun^ v»|>xischer System* und An- 
>irt^!H)m\^ nut ^u(k^ um) »^4lT^^MVllMlclM' linMW. Lnixsif : B. 6. l>eubiier 
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^I?liese plioteigrapbs Biuply GDu&rm tlie reaults obtained at Har- 
var*d ; they eatabliah aieo a alight inequality of Lhe cojiponents, 
wbich divides the whole period of 4 daya iulo two di?-similar parte; 
thafc the apectra of the two eoinponents are similar from jufj 423 
10 -438; and that the majdmum motioa in line of sight reaches 
about 140 miles per second. 

Im the case of f UraiB Majoris, however, the result of the ex- 

anJuiation ia not so satiafactory, the lines being only double on one 

3ay out of 8. It is to be remarked, however, that the whole period 

a in, this case 105 daya, and. the doubling can apparently only be 

seen for a few daya at the proper time, which Prof. Pickering 

esplains by a very elliptic orbit with major axis nearly perpen- 

iUcular to line of sight. Still doubling might have been fairly 

espected on 4 ol the Potsdam photographs, and yet in three of 

these casea nothing beyond a slight widening of the lines can be 

IrsL'ed. (See Aat. Nacb. No, 3017, p. 266.) 

A New Njibula meah IiIeeoph. — Mr. Barnard of the Lick 
Observatory, in communicating to the Aat. 'Noah. (No. 3018) some 
notes of hia eye-observations of the nebula in the Pleiades, with 
die great Lick refractor, announces the discovery of a new and 
comparatively bright, round, cometary nebula, 9" following and 36" 
south of Merope. "It can readily be understood why this, the 
iirighteat of all the Pleiades nebulfip, baa never been photographed. 
A sufficiently easy expoaure to secure an impression of the nebula 
would so overexpose Merope that ita light would coalesce with that 
of tiie nebula." 

MiB3E8 OP Jupiter and Sateikn. — ^M, G-ustave Leveau finds 
from observations of Vesta the following values for the masses of 
Japiter and Mara : — 

Jupiter 1/1045-6 

Mara 1/3700000 

He cannot trace any secular efiect of the action of the asteroids. 
We may remark that Dr. Haetdtl found a mass of 1/1047-18 
+ 0-014 for Jupiter from observations of Whmecke's Comet (see 
■Observatory,' No. 150, p. 254). 

Photoubaphic Eepraotion. — M. Prosper Henry calla atten- 
tjon • to the fact that the coefficient of refraction is not the same 
for photographic rays as for visual. In fact if the refraction be 
denoted by A tan Z.D., M. Henry finds that A ia the foUowiue 
function of the wave-length X : — 

Sfi^-SSH- o"-726X-i 

At Z.D. 80° the visual and photographic refractions would diifer 
by about 5" ; and generally in photographic worlt all visual 
refractions should be increased in the ratio 1-0156:1, The 
i from which this result was obtained were made by 
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placing a grating in front of the object-glass of a telescope and 
thus obtaining short spectra of stars. 

Tub following opening sentences of a paper on " the Aryan 
question," by Prof. Huxley, seems to us suflSciently applicable in 
other cases to be worth reproduction here : — 

** The rapid increase of natural knowledge," which is the chief 
characteristic of our age, is effected in various ways. The 
main army of science moves to the conquest of new worlds slowly 
and surely, nor ever cedes an inch of the territory gained. But 
the advance is covered and facilitated by the ceaseless activity of 
clouds of light troops provided with a weapon — always efficient, 
if not always an arm of precision — the scientific imagination. It 
is the business of these enfants jpierdus of science to make raids 
into the realm of ignorance wherever they see, or think they see, 
a chance ; and cheerfully to accept defeat, or it may be annihila- 
tion, as the reward of error. Unfortunately, the public, which 
watches the progress of the campaign, too often mistakes a dash- 
ing incursion of the Uhlans for a forward movement of the main 
body ; fondly imagining that the strategic movement to the rear, 
which occasionaly follows, indicates a battle lost by science. 
Ai\d it must bo confessed that the error is too often justified by 
tho offocts of the irrepressible tendency which men of science 
shan> with all other sort« of men known to me, to be impatient 
of Uiat most wholesome state of mind — suspended judgment : to 
assume tho objective truth of speculations which, from the nature 
o{ the ovidonce in their favour, can have no claim to be more than 
working hypotheses." 

Lkxrtj.*8 Comkt. — Mr. S. G. Chandler contributes to the Astr. 
Journal (No. 231) a paper on the present aspect of the pro- 
bloms conwrning Tjoxell's Comet. " Among the conclusions pub- 
Ushinl a year ago. the \rater indicated as the probable origin of 
tho olv^orved separation of this Comet in 1SS9, the action of the 
satolUtes u^xm it« in its passaj^ through the Jovian System in 

Tlu> nxvut discussion by Mr. Poor of the path of the comet 
allows of a mor^ searching oxanunation of this conjecture. It is 
iH^nchisivo that the cv>mot almost ctertainly ** pas^^ the ascending 
mxlo of it9 orbit u)h>u that of the fourth satellite just inside the 
track of t}io \^Xi*T ; and iC« as is abundantly consistent with the 
uuc^>rtaintv of Uio caicuktion^ a portion of the comet obtruded 
it?fli>W into thf* ssatpUiu^s attniotkms?phere, the result would he, 
with a low dt>5n>^^ of coh<>isioi\« that this portion would be diverted 
tx\r a ta\vt^ into a hvrterK^ around the $»t«llire« and in emerging 
fn^tt it* c^MitTwU and in tun\ from that of Jupiter, would resume 
it« <\Mir«» alxMit tW 8uu a* a s»e|viuranie body fram the main comet."' 

MlN\^«( l^AN^UTSk— N^\ (tc $ \i;iis dfeooxiesred bv M. Charlois on 

KVK It ; N\v ^^C4 by IV^. MiHim^^vkIi on FeK 12 : No. 305 by 

Ut^cT I\(iKm \h\ F^ 14; Nw ^;^>ft K Chariob on F<l3k 16. Xos. 

^tK\ i'^u «9«% «mI ^$ W^ W(«i tMKrtdlKrQonK U&oe^ Ijodiinca, 
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MEETING OF THE fiOTAL ASTRONOMICAL SOCIETT. 

Friday, March 13, 1S91. 

Lieat.-(Jen. J. F. Tenbast, C.I.E., E.E., F.B.S.-, 
President, in the Chair, 

Stcrelarieg : E. B. Knobel aud A. M, W. DowaiNG, M.A. 

Ttti Minutes of the previous Ordirmry Meeting were read and 
(onfinaed. 

Mr. Downing. 109 presents have been received ainw the last 
tMnary Meeting of the Society, Among them may be mentioned 
•• cafling for particular notice : — Prof. Newcomb, ' Diacnasion of 
Observations of the Transits of Venus,' 1761-1769,' and G. W.Hill, 
Anew Theory of Jupiter and Saturn,' presented by the American 
nsntioJ Almanac Office ; ' Catalog der Astronomischen &esellschafr, 
™i8 +65" bis +70^"*, beobachtet auf der 8ternwarte Ohristiania,' 
ptwented by the Society ; ' Catalog der Argelanderschen Zoneii 
lom 15'^ bis 31° Siidlicher Declination,' herausgegeben von E. Weiss, 
presented by the Vienna Observatory ; Original Negatives of 
Jupiter, made with the 36-inch equatorial of the Lick Observatory, 
piwienf«d by Prof. E. S. Hoiden ; B. Wolf, ' Handbuch der Astro- 
nomie," Band II., presented by the Author. 

A special vote of thanks was passed to Mr. E. Eistori for a 
present of an oiygen-bottle, and to Mr. W. Schooling for a stand 
for the lantern, for use at the evening meetings. 

The President. Gentlemen, it has struck me that the number of 
admissions has of late been a good deal less than the number of 
elections to the Society, and I wish it to be well known that as a 
matter of fact, by the rates and bye-laws of the Society, a Fellow 
16 not entitled to any of the privileges of memberahiu until he is 
admitted either in person or by proxy. I oiention tins because it 
ba^ been taken as a mere form without any Tolidity, whereas, as a 
■ ■ y of fact, it is admission to the privileges o£ the Society. 
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Mr, Knohel read a paper by Mr. A. A. Rimbaut " Oq the deter- 
miaation of Double-Star Orbits from Spectroscopic Observations 
of the velocity in the Line o£ Sight." 

Since the beautiful results of Professor Pickering at Harvard on 
fi Aurigae and f Ursa Majoris, and Prof. Vogel at Botsdam on 
Algol and a Virginis, I have been examining the problem of deter- 
mination of the orbit of a binary star from spectroscopic observa- 
tions alone. The curve given in Prof. Pickering's report on the 
, Henry Draper Memorial shows that with /3 Aurigae there is a 
periodic displacement occurring in about four days. In drawing 
the curve of velocities from the data given there are two conditions 
that must be fulfilled. After giving these conditions Mr. Bambaut 
demonstrates his method of determination of the form of the orbit, 
and tests his elements with the data given for (i AurigaB, the errors 
being well within those of measurement. 

One point which the examination of the question seems to indi- 
cate very clearly is that observations should be taken, not so much 
at equal intervals of time, but so that the points derived from them 
may be as far as possible equally thick along all parts of the curve 
of velocities, or, in other words, so that all parts of \he curve may be 
determined with equal accuracy. It is important to fix the exact 
time of coincidence, as well as the epoch at which the velocity is 
the arithmetical mean between its two extreme values. With stars 
of the Algol type, where only one component is bright, displace- 
ment is measured by comparison with an artificial line ; the whole 
velocity is composed of the orbital motion as well as absolute motion 
in line of sight. With sufficient and accurate observations it will be 
possible to separate orbital from absolute motion ; but the materials 
at present available for Algol are almost ludicrously inadequate. 
The observations on which the curve of velocities for Algol depend 
are so few that the figures are little better than mere guesses. 

A vote of thanks was accorded Mr. Bambaut for his paper. 

Mr, Knohel read a paper by Mr, S, W, Buniham on " The Com- 
panions of Aldebaran." 

The nearest companion discovered by Mr. Burnham with the 
i8^-inch Chicago refractor in 1877 is shown by later measures with 
the Lick 36-inch to have the same proper motion as the principal 
star, for both distance and position-angle are unchanged. The 
more distant Herschel companion has been observed for more than 
a hundred years, and its changes in position were ascribed solely to 
proper motion of the principal star ; but Flammarion has shown 
that this will not wholly account for the changes, and that the 
fainter star has a proper motion of its own in a different direction. 
Ln 1 888 the Herschel companion was found to be double with the 
36-inch refractor, the distance between the stars being 2", From 
the measures given it appears that the proper motion is common to 
both these stars \** but more observations are required to settle this. 

Mr, Knohel road anothor paper by Mr, S, W, BurnJuim on th& 
Orbit of k- Pegasi. 
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I 1880 the larger star of this wide dou|?le )y9.s seen with the 

18^— inch Chicago refractor to be a close double, distance o"*27. 

Sinc^e that time observations have been made by pr. Engelmann, 

of I^ipsic, with a 7 •5-inch Clark refractor, and these, with recent 

niesksures at the Lick Observatory, show that the motion of this 

star has been through 230° since its discovery. Mr. Burnham, 

from a consideration of all the measures of this rapidly moving 

biriary, has been able to draw a satisfactory ellipse ; and if this 

^g"uie correctly represents the relative motions, this star has a 

sHorter period than any known binary, its period being 11*3 years. 

Ttio maximum separation is o"'32 and the minimum o"*o8. 

Th© star should be comparatively easy to measure this year, as 

*^ho distance will not be less than o"'2. The wide double has been 

^vxcJening out and the position-angle slowly diminishing since 1831, 

^^<i this is undoubtedly due to proper motion of the principal star. 

^^e President, I shall be glad to hear if anyone has anything 

*^ say on Mr. Bum ham's papers. The last paper seems to me a 

Verjr important and interesting one. We have a star revolving in 

^O. orbit the plane of which is so inclined that the minor axis as 

"Viewed from the Earth is very small, so small that until quite re- 

^ntly it would have been almost unobservable. The major axis 

^^ ^Ixe orbit is only about half a second in angular diameter, and 

^^, JMr. Burnham seems to have got elliptic elements for this 

^^bit^ Tlie star will be watched very carefully by other people, 

^^ X fancy very few will have the power of checking the orbit 

-^^^T, Stone. Did I understand that some of the observations 
S^v^^ the distance apart as one-tenth of a second of arc and gave 
^^^^ it ion-angle with this separation? 

-^V/V. Knobel. Tes ! Mr. Burnham says the star will be com- 
^^^u.tively easy to measure this year, as the distance will be not less 
^^li two-tenths of a second of arc. 

^^Jie President. Mr. Burnham is speaking of a telescope such as 
^ have not got in this country. 
-4/?'. SUme. It is not a question of a very large telescope, but is 
^5^e of being able to employ very high powers for these observa- 

Mr. Douming read a paper by Prgf. H. 0. von de Sande Bdkhuyzen 
C^oreign Associate), *' On Variations of Latitude deduced from the 
Observations of Polaris made at Greenwich 1 851- 1889." 

The accordance between the variations of latitude deduced from 
observations made in Berlin, Potsdam, and Prague in the years 
X889 *^^ '^9^ ^^ ®^ evident, that it is impossible to explain them 
l)y accidental errors. Inequality of refraction at equal distances 
>iorth and south from the zenith, produced either by anomalous 
Infraction in the observing-room or by configuration of strata of 
uniform density in the atmosphere, which is not symmetrical north 
and south of the zenith, may account for some of these variations ; 
but recent work by Prof. Albrecht and by myself has shown that 

l2 
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this source of error cannot be admitted. By the courtesy of Prof. 
Helmort, 1 have received daily results for latitude from Berlin, 
Potsdam, and Prague from January 1889 to April 1890 ; and these 
show that the latitude from stars near the zenith is somewhat 
greater than that from all the stars, but the variation of latitude 
18 about the same. 

It is very improbable that the configuration of the strata of 
the air would have been exactly the same at these three places, 
and so have caused the same anomaly. In this state of the 
question it is very important to determine whether, in other 
observatories, the same variation of latitude has been observed, 
and whether the variations have a periodic character and the same 
values a certain number of years ago. The Greenwich observa- 
tions from 185 1 furnish the best material; and I have used those 
of the zenith-distance of Polaris for my purpose. The variations 
of tliis, as pointed out by Mr. Downing, by Mr. Thackeray, and 
myself, are not wholly the result of a real change of latitude, and 
the other causes must be investigated. Mr. Thackeray has investi- 
gaU^d the errors of reading of thermometers owing to position, the 
mothod of adopting zenith-point correction, and the discordances of 
observations that may vary directly with temperature and with 
humidity ; but the results of his inquiry gave no assurance that 
either correction was an unmixed advantage ; while applied to low 
southern stars they ai*e decidedly inadmissible. A correction 
dt^ ponding on temperature will satisfy the discordances in the 
observations of Polaris. Prof. Bakhuyzen, continuing these in- 
quiries, iiuds no indication of differences depending upon motion of 
the instantaueous axis of rotation, while discordances corrected for 
excess ot lempemtuiv show ditferences greater than the accidental 
errors. The pamllax ot* Polaris has a small influence, but its value 
is loo uncertain to employ it in the reductions. 

The conclusion arrived at, after careful discussion, is that the 

discoi\lances in the z^niith-distancos of Polaris are, for the greater 

part» not causeil by a n^U variation in latitude, but are chiefly an 

elYoct of toiuponiture ; that en\)r of external thermometer will not 

o\ plain disau*dtuuvs ; that the differences between exterior and 

iniorior thormometors i^jui explain the grt^ater part of the discord- 

ai\ivs ; that nH'raotion in the obJorving-room is probably the cause ; 

aud I hat disov^nlauivs ivrnvteil for that refraction are about the 

&{U\ie for Inuii culmiuanonjs and can Unexplained by real variation 

of laiiludo, Assmuiug the uvo latter probable causes, a discussion 

vU' I ho i^rwnwioh oKser\*;Uious slxows that there is a maximum of 

latitude vui February oth and a minimum on August 9th, these 

ojHvhs vvrrt^iHMuliui^ very m^iriv with those deduced from obser- 

vaiivHis at IVrliu. IVu^iianu and lVa4:ue 18^4-^5 ^^'^ 1SS9-60; 

but iKo MupUuido of the xariation is nmcb smaller. There is a 

>ti\>u^ pt\4>abiUtv Uwt tKt^ variations in these years were excep- 

ti\HuiU atui dvk uv^ a^ixv with the annua) ^unatioiis deduced from 

olv^n\atkxus tVxu^ IVUuris at i^tvewvxkh duriug the peiiod 1851-82. 
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TM Aelrojmmer Boyal, I must express mj feeling o£ indebted- 
ness to Prof. Baihuyzeu for haTing taken up this subject, which 
is a very important and difficult one. I should not like to express 
an opinion upon such a technical paper without having an oppor- 
tuni^ of considering it carefully. New screws in the microscopes 
may ensily cause changes equal to the small quaQtitiee with whjch 
'we are concerned in such a discaasion. Then there is the all- 
important question oE temperature in the observing-room. The 
transit- circle room at Greenwich is built with the gable running 
north and south, so there is an awkward angle somewhere near the 
position for observation of Polaris, and questions depending upon 
(lifEerences of reading of interior and exterior tJiermometers are 
raised. 1 am strongly of opinion that all these questions of astro- 
nomy of position depend very largely upon obtaining the true 
temperature of the air as affecting astronomical refraction, and it 
is on important point that the observing-room should be so ar- 
ranged that you get strata of air which will he approximately 
circular in meridian section with the instrument in the centre. 
More consideration is wanted before coming to a definite conclu- 
sion as to whether we are dealing with a real quantity or something 
depending upon mstrumentftl corrections, but at the same time I 
am thankful to M. Bakhuyzen for having taken up this question 
and given ua his views upon the subject. 

Mr, Txtriter. Perhaps, ti.s some Fellows may not be quite familiar 
with this subject, I might say that Prof. Bakhuyzen has really 
been dealing with two questions. One question has been raised 
in Giermany, as to whether the latitude is quite constant, and the 
Germans have been attacking that question by observing stars at 
equal zenith-distances on opposite sides of the senith. They hope 
by this method to eliminate all questions of refraction. There 
remains then only a real variation of latitude. M. Bakhuyzen 
has been discussing the observatiuns of Polaris at Greenwich with 
r^ard to this variation of latitude under the disadvantage that the 
olwervations are on one side of the zenith, and are therefore affected 
by refraction. It has been long known that there is some defect 
in refraction corrections, whether direct or indirect, with the result 
that the observations of the N.P.D. of Polaris do vary throughout 
the year; and this is the second question to be considered. 
Mr. Thackeray thought they varied with external temperattire, 
but M. Bakhuyzen does not taie this view. He says the differ- 
ences between temperatures inside and outside the observing-room 
have most effect. The zenith-distances corrected for refraction have 
been examined to see if M. Bakhuyzen could detect any change in 
latitude to correspond with the change noticed in Germany, but 
no such change could be detected. In Berlin they found a change 
ranging over nearly half a second of arc in latitude, whereas for 
Greenwich I tbink M. Bakhny/en found the change only something 
like one-tenth of a second of arc for the earlier years. On turning 
to the later years, from 1883 to 1889, he found at Greenwich 
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tliat ttie change was iri the same direction, but perhaps greater in 
extent. 

Mr. Plummer, I think it would be interesting to know whether, 
in the opinions of the expert astronomers at Grreenwich, there is 
any real evidence of a change in the latitude. The evidence I 
haTB seen does not seem conclusive to my mind, owing to its 
bielng mixed up with the question of the constant of aberration. 

Mr. Turner. I believe the measures M. Bakhuyzen uses to 
deduce his results are first corrected to the new aberration. 

Mr. Downing. But the correction is veiy small. Some years 
ago a proposal was made by some astronomer that to detect an 
ainual period for this change of latitude, if it really exists, obser- 
vations should be made at different parts of the year at observatories 
having the same latitude but of different longitude. I believe a 
programme of this kind was dra\<'n up and a proposal made that 
three observatories in Europe and three in America should co- 
operate. That seems the most satisfactory way of arriving at a 
conclusion upon this matter, but I aui sorry to say that so far as 
I know nothing has been done to carry out this much desired 
work. 

Mr. Stone. 1 am afraid in questions of this kind there is a 
difficulty in arriving at any definite results. If you have your 
thermometers in the observatory a considerable distance from each 
other yoii cannot be sure you have them in positions that ^ill give 
ybu the right refraction when you are dealing with such small 
quantities a& those involved here. The real difficulty is the ques- 
tion of temperature, and there can be no doubt that this introduces 
uncertainties whien you come to these small quantities, the un- 
certainties probably depending upon the exposure of the ther- 
mometer. I do not know of any method of deciding what is the 
proper exposure to give to a thermometer. 

Mr. Turner. It is only fair to M. Bakhuyzen to say that he 
entered upon the discussion of the changes of latitude after a 
careful consideration and discussion of temperature, and after 
makiiig every possible consideration for the thermometers exposed 
in different directions. 

The President. I suppose there will always be a difference of 
opinion upon these small points until we find some perfect mode 
of providing for temperature, and there will probably always be 
some doubt as to which is the proper way of measuring that. In 
the meanwhile we may express our thanks to M. Bakhuyzen for 
the very interesting paper he has sent us. 

The Astronomer Royal then read his paper entitled " Notes on 
the Preparations for the Work of the Astrophotographic Chart." 
I thought it might be interesting to Fellows to know, as we are 
now at Greenwich beginning operations for the Astrophotographic 
Chart, what the state of affairs is, and how far we have got, because 
it is a matter in which one must proceed tentatively, and there is a 
great deal to be worked out. With Mr. Turner's assistance fehia 
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S.per has been drawn up on the aubjeot, and has been divided into 
fferent heads. The first important matter was to have a catalogue 
of guiding-stars, by means of which the teloacope migbl, be fised 
vith the centre of the plate in a deflnite position, ao thab we should 
have the centre of each plate in the selected position in the heavens, 
and thus be able to form a map. That is a matter which is not so 
simple as it appears at first. Prof. Bakhuyzen went into the ques- 
tion, and from his trials on a particidar sons he came to the con- 
clusion that if he went as Sir as 32' from the centre, he would be 
able to get a sufficiently bright guiding-star within Ihut distance ii 
almost all cases ; but we found there would be a great advantage ii 
extending that distance from the centre. Mr-Hollis, who has had 
charge of this work, has tried the two plans, and fliida there is a 
distinct advantage in takuig 30' i» the limiting distance— that is to 
say, we are not obliged to take sUch faint stars. With the &reenwich 
13-inch Equatorial there is a lo-inch guiding-telescope, and it is pro- 
posed to take, when possible, a star not faiiiter than 9th mag. ; but 
in some cases it is necessary to go Aa^ira to g|, using, in ^uch casei 
the star of brighter magnitude which is nearest to the centre as a 
alternative guiding-star. In the paper which has been drawn up 
the numbers of guiding-stars are given of the different mogiiitudea, 
according as you take 32' radius or 30' tadiuS. In the zone with 
which WB are concerned there will be 90 stats of the fj^ inag. oE 
Argelander (*hich really meaits anything down to loth ffi'ag.) With 
22' as Kmiting radius, and there are only 28 of these sMis with 30' 
radius, su there is an obvious advantage in extending the distance 
from the centre. There is another point that baa to be horna in 
mind, and which is obvious as soon as we begin to think of it, and 
that is that in order to get the position o^ the centre of the plate 
accurately, we must allow for the effect 6t the projection 01 the 
sphere on the tangent plane of the plite in taking the rectangular 
eo-ordiuatea of the guiding-stara. The next is the reseau which is 
to be printed on the platfi. Two very fine reaeaux on glass have been 
received from Prof. Vogel, and one has been mounted. This work 
has proceeded slowly owing to the necessity of testing things after 
each step, and each particular step baa taken some time to properly 
arrange. The reseau consists of two sets of lines, roled at right 
angles to each other on the silvered aurface of a glasa p}at«, the 
lines being 5 millimetres apart. The lines are cut through the silver 
on the glass plate ; and the sensitive plate is put nearly in contact 
with the rdaoau and placed in front of the object-glass of the photo- 
graphic telescope. By means of an incandescent electric lamp 
placed in the I'ocus of the ohject-giass the reaean is printed on the 
sensitive plate, but is not developed until the plate has been ex- 
posed ou the stars, the stars and the lines of the reaeau being 
developed at the same time. The reseau thus serves to give re- 
ference linos for the stars, and also for the determination of any 
distortion of the film. There can be no doubt, from our experi- 
ments, that this method is perfectly succeasful, very beautiful 
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impressions being thus obtained, and our best thanks are due to 
Prof. Vogel for having worked out this valuable adjunct to the 
photography of the heavens. We have also discussed the deter- 
mination of errors of the reseau, because we did not like to assume 
that it had been perfectly ruled. The results so far show that the 
errors of ruling are very small, that the spaces between the lines 
are sensibly correct, and that equality obtains throughout the 
whole length of the lines. The lines are parallel curves, and that 
is an important point to determine, because Prof. Vogel in giving 
the errors of the reseau only gave them for one part of each of the 
lines and assumed that they held throughout. There is another 
interesting point, and that is the relation of the weather to the 
course of the work. This year the weather has been not at all 
favourable, and we have been much hampered by clouds and the 
severe winter. In February, although we had many fine nights, 
there was much fog, so I am not sure that this year can be taken 
as a fair sample of the amount of work we shall get done in a given 
time. I hope it is not. Besides weather, we have to consider that 
the work is only just commencing, and we have not yet got into the 
way of it. Much time has been spent in instructing many members 
of the staff, so that the results are not comparable or commensurate 
with the work done or the time given to it. From Feb. 9 to March 1 2 
there were 29 nights continuous watch: 15 nights were cloudy, 3 
were partially cloudy, and 1 1 were available in some degree for 
photography, although several of these were more or less foggy. 
On these nights 2 1 photographs were taken for star-trails or regular 
work representing an exposure of 1 2 hours 49 min. Better results 
will we hope be obtained as the work becomes more familiar. It 
is important to bear these difficulties with weather in mind, because 
some gentlemen who have looked at the work from a theoretical 
point of view have suggested going beyond the 14th mag. But this 
would mean increased exposure, and would very materially add to 
the difficulties of getting results, and would lead to much delay in 
the completion of the work. 

One of the resolutions of the Committee was that each Observa- 
tory was to select the best plates that could be obtained. No 
decision was arrived at as to what maker was to be selected to 
supply the plates, and accordingly, at Greenwich, Paget, Star, 
Cramer, Seed, and Mawson-Swan plates have been tried. Our 
thanks are due to the various makers for the trouble they have 
taken in making plates and in cutting them to the proper size. 
After careful trial a slight preference is felt for the Star plates. 

Another question dealt with has been that of exposure. A 
resolution of the Committee instructed each observatory to 
practically ascertain the correct exposure to give for stars down to 
the I ith magnitude, and plates for this purpose have been exposed, 
in the region assigned to Greenwich, with exposures of 30 min., 
6 min., and ij min. respectively. Mr. Turner has examined 
these plates, and finds that all the stars in Argelander are shown 
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witla t^ min. exposure, that is all dowu to practically the loth 
maignitude. He has also measured the diameters of the stajv-images. 
Feiiows may be aware that there has been some q^uestioii as to 
wkether the diameter of a Btar-disk on the fihn varies as the square 
root of the time of exposure, as the cube root, or as the fourth root. 
Mr- Tiiruer fiuds that oti comparing the platea vrith 30 miu. ei- 
posure with those of 6 min., the diameter varies between the cobe 
root and the fourth root. A value of i/yi was adopted as the index, 
Mvfi with that what may be called the (;onstaut of the plate was de- 
termined, and a method devised for calculating the time of pxponure 
required to give certain diameters to stars of certain maguitudes. 
Taking the smallest diameter of the disk as i", iz min. exposure 
. net required for a 14th mag., o'8 min. for an iitb mag., and 7 sec. 
for- a gth m^. star. These resulta are quite preliminary, but they 
represent a fairly avoragu night, and give some interesting informa- 
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These figures are to some extent provisioDal, the work having 
Iwen undertaken to settle the preliminary questions before the 
actual work of the star-charting can be systemically underta,ken; 
lid not to ^ve any scientific determination of accurate values. 
Ido not know whether Fellows are aware of the precise conditions 
"Mer which the preparation of the star-map is to be carried out. 
Tie Paria Conference decided on two sets of plates — one of stars 
to the r4th mag. for the star-maps ; and one with two exposures, 
one exposure to give stars down to the nth mag., and the other, 
after a shght displacement of the plate, to give stars of 9I mag. 
From the Greenwich prehminary work Mr. Turner has found that 
exposures of 25 or 30 minutes will bo necessary to get to the 
r4th mag-, and for the other plates (the catalogue plates) 2 min. 
Biid 30 sees, should be given. Those are our chief results. Con- 
siderable time was spent in alterations of the JUBtrument ; and 
the bad wint-er came upon us before we could get properly to work, 
or the results would have been much fuller. 
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Mr. Stonr. Hai^e you made up your mind as to the n 
BiKe of the Hialia yet ? 

The AgtTonomer Royal. No, tliat is a question for deter- 
luiofttion. 

J/c. E. Rohinaon. "Will it not be difficult to get uniformity of 
diskit OD diSereut plates ? 

The Aitronomer Moyal. The object is to get atara down to a 
certain iiiagnihiile. Xf you can see the images, that is all that is 
absolutely necessary. 

Mf. E. Jiohinson. There is no agreed standard ? 

The AsCronor.ier lluyal. No, it is a matter for experiment. 

Mr. Plitmmei: As representing one of the Observatories en- 
gaged in taking one oE these zones, I have to thank the Aatro- 
nomer Eojal for the information he has put before us. Those 
sharing in the work will find great advantage from comparing 
results, and since some of mj results, obtained at Oxford, do not 
agree with those obtained at Greenwich, a discussion on the points 

I raised will be of great interest. On tije question of the distance 
of the guiding-star from the centre o£ the plate, 1 think the de- 
termination to increase the distance is very wise. After triaL with 
faint and bright stars for guiding-purposes, I find the diatoption 
which comes mto the guiding-telest ope with increase of distance is 
of less consequence than the employment of a faint star ; but, as 
the Astronomer Boyal has mentioned, the increased distance in- 
troduces the mechanical didieiUty in settling the exact point iu the 
centre of the plate, and I find I cannot get the co-ordinates exact 
to the s" limit assigned by the Conference, wheu working outside 
the 22' field, although I hope to overcome that difticijlty. 1 have 
nothing but praise for the accuracy and scientific usefulness of the 
i^'seau. At Oxford, to print it on the plate, we place a small 
incandescent lamp in the focus of a reftector, and use the parallel 
rays. Dr. Gill when at Osfoi-d, while examining our arrangements, 
kindly undertook an examination of the uniformity of the lines on 
onv reseau, and if others who have time will undertake similar 
work much saving of time to the workers will be effected. The 
errors of our reseau are, I believe, xery small indeed. On the 
point of exposure I cannot agree with the Astronomer Eoyal. 
The Pleiades have engaged our attention during the winter, and 
we hai'e pbologra plied them with certain exposmes, and increased 
or diminished the lime by a known ratio ou the same plate. On 
measuring the images I found 17 to 20 sees, uecessaiy to give a 
ineasurable disk of 3" diameter to a gth magnitude star on fine 
iiighte, longer exposure being necessary on other nights. 
The Axtroiiomer Royal. ' What ia the zenith-distance ? 
Mr. Flwmmer. The declination is 22° N., therefore 30° is the 
least zenith'distance. 

The Attronomer Royal. The greater zenith-distance would pi-o- 
bably make the difference. 

Mr. Plummer. With our telescope a star-dti-k of 2" is not dis- 
ceraible im/ess you know where the star is on the plate. 
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T'7i4 Astronomer Royal. A disk of z" diameter would be ^ven 
for d. 14th mug. etar with iz minutes exposure according to our 
results, but in our iiotea we say 25 to 30 minutes will probably be 
requ-ired to give satisfactory disks. 

Atr. Plummer. The eoncliiaion I have come to is that go minutes 
are :«iecessaiy for a 14th mag. star on an average night. 
STVip AMtrimamer Eoyal. That exposure is impraciicable. 
SitT. Sanyard. What plates have you been using ? 
Jl*r. Plummer. The same as the Astronomer Eoyiil. The illness 
of rrof, Pritchard, in which we all sympathize witli him [hear, 
h«».T*], has prevented me Erora putting our notes fully before tlie 
Society. 

JMr. Knohel. Can you give ua any idea of tlie probable error of 
gradation oi the reseau ? that would be interesting. 

3^he Astronomer lioyal. Wo had a micromettr, used for 
measuring the Transit of Venus photographs, aiten^ for Ihia 
work, so that our measurements must not he considered as absolute 
or final. The millimetre scale of the instrument ia not absolutely 
accurate, but, as far as the errors of this are knon'n, we tind the 
r4aeau errors are too small for us to detect with absolute certainty ; 
they are about the same as the probable errors of the deter- 
miDation. 

Mr. Flwnwer. Do the Greenwich authorities find that the same 
magnitude ia impreased in the same time all over the plate? I 
found a decided want of emailer stars as I passed from the centre 
of the plate, and this at 50' or 60' became more emphasized and 
Mcentuated. 

!Fhe Aitronomer Royal. This would entirely depend upon the 
pitsilion of the plane of Ihe plate with regtrd to the foLal plane 
of the telescope. At Greenwich and at Pans the plate is put 
well within the focus for centre of field so as to oquahze the 
error from curvature of the field. With this precaution you will 
get satisfactory re.Hul 1 8 for a region 50' or 60 fiom the lentre of 
tba field. 1 should hke to know the exatt position of t!ie plate 
with regard to the focal plane at Oxford, as it it 11 inside the fotal 
plane I do not think the objection raised by Mr Plummer is v^d 
On several plates taken at Greenwich, whuh were specially com- 
pared with Argelander's charts, the iuuigcs ot the fjinter stars m 
Aigelander were distinctly visible up to 1 1 e Ig ot the plate 

Mr. Ranyard. Plates differ with diffcn I ii st ui enis 1 ha^e 
been examining plates taken by Mr, liussf-li al "i hi y and \i\ those 
Uie falling-off in number is esaggeruted ov. n g to the larger held 
This falling-off must depend upon the correction of the photo 
graphic objeet-glasseH, 

The Aslronoiner Royal. I was speaking of what we may call a 
perfect ohject-glass for photographic purposes — that is, one that 
will give a lateralimage that is symmetrical, not only with reference 
to the radial plane, but to the transverse plane. 

"" ^ Presideiit. Has the Aatrouomer-Hoyal heard of an object- 
by Steiuheil, who claims that it gi\ea circuW im&g'is''. 
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The Astronomer Royal, I did not understand him to say 
circular. 

The President, He said he had made an object-glass with which 
he was going to get circular images in all parts of the field. 

The Astronomer Royal, What he got was a symmetrical image. 
I think it is geometrically impossible to get a circular image all 
over the field. 

Mr, Turner, I firmly believe that Mr. Plummer and I have 
arrived at the same facts, but expressed them in a different way. 
I believe Mr. Plummer really agrees with that table. It does not 
represent anything theoretical ; it is simply experimental. I do 
not mean to say I have measured a disk of 2", The table is only 
extended to 2" by carrying on the formula. 2" is the smallest 
disk you can be certain of. Tou get a well-defined disk of 3", but 
with 2" you can sometimes only see a star when you know where 
it is. Are you to consider as the standard the exposure with which 
you get a perfectly unmistakable star, or a star that you can find 
only when you know where it is ? The 14th mag. is unmistakable 
with 30 minutes exposure. 

Mr, Plummer, The 14th mag. are to be left in the chart-form 
and not measured. If you are going to print you lose at once a 
very considerable number of stars. 

The Astronomer Royal, It is not proposed to print the 14th 
mag., I believe. 

Mr, Isaac Roberts, The drawings that the Astronomer Royal 
has made of star-images apply to the reflector as much as to the 
refractor. It is therefore a mechanical difficulty, and not simply 
due to the marginal rays not coming to the focus. The Companion 
to Polaris is about the 9th mag. I have been able to photograph 
it on some nights in a single second, and at other times it has taken 
one minute, so great is the variation in exposures due to atmo- 
spheric causes. 

Mr, Knohel, The difference of conclusion between Mr. Plummer 
and the Astronomer Royal with regard to the time of exposure 
for taking i4th-mag. stars is remarkable, and I would impress 
upon observers the very great importance of getting plates not 
only from the same maker but of the same making, and made on 
the same day, because plates made on one day differ from those 
made on another. I am informed by a large photographic plate 
maker that plates which are made on different dates are not com- 
parable. 

Mr, Ranyard, I think they should not only be made on the 
same day but at the same cooking. 

The Astronomer Royal, During the process of taking photographs 
we ought to take trial photographs on the same plates of a star like 
Polaris, and I am making arrangements to have a 4-inch Dallmeyer 
object-glass mounted at G-reenwich so as to take test photographs 
every night. Then we can deduce the exposure required for the plate 
for the map and be independent of the makers. The changes in 



Apr. 1891.] the Royal Aslroitontica! Sockly. 149 

the atmosphere are far greater than any change we hare to anti- 
cipate in the plates. 

Ztf>. B/im/ard. 1 think Mr. Roberts ivill corroborate me thftc 
the chaagee in the night are so great that there la u chuage of u 

wliole mag. 
Mr. 'Roberts. That is tiuite true in the ease of Sappho. In 

Mine cases the trail is weU defined in parts, while in other parts 

there are great differences in width of the trail ; and all withi n o qu 

The Prei'ident. Our cordial thanks are due to the Astronomer 
Bnyal for his paper, and for the great amount of information he 
lias «iused to be given to us by others. There ia no doubt that 
the plates vary to some ostent, but 1 think we are only tieginning 
tu Snd out the difficulties of making a photographic chart. 

Mr. Downing. Mr. Marth has sent a note, in the course of 
irhich he eays :— The planet Venns will pass along Jnpiter's system 
on February 6th, 1892. There is, however, a reason why the 
subject should be mentioned at the March meeting. At the time 
of the conjunction of the two planets they will be 33""S east o£ 
the Sun. Jnpiter reauhea the corresponding western elongation 
on March 29 (Easter-day), and it wiD be well to call the attention 
of observers to the fact, so that before the end of the present 
month they may ascertain, by midday observations of Jupiter's 
system, whether their telescopes are powerful enough for observ- 
ing the conjnnotion onTebrnary 6th, 1892, which in our terrestrial 
longitude occurs in the forenoon- 

The following papers were announced i^- 

A. A. Baitibaitt. ■' On the Determination of Double-Mtar Orbits 
from Spectroscopic Observations of the Velocity in the Line of 
Sight." 

S. W. Bv/rnJiam, " The Companions of Aldebaran." 

J. Kkiber. " Catalogue of 918 Orbits of Meteor-Streama, from 
the observations of Mr, W. E. Denning," 

Oatniridge Ol/servatory. " Mean places of Comparison Stars for 
the Planets Victoria and Sappho, observed with the Transit-circle." 

J. QUdhill. " Observations of the Satellites of Saturn r Con- 
junctions with the Centre of the Planet, observed at Mr. E. Cross- 
ley-'s Observatory." 

J. E. Oore. " Observations of the Variable Star 8 (lo)Sagittie." 

S. W. Bumham. "The Orbit of k Pegasi (/JgSg)." 

Sydney Observatory, " Measures of Double Stajs made in the 
years 1882-1889." 

A. M. W, Douining. " Comparison of the Star-places of the 
Greenwich Ten-year Catalogue with those of the Second Mel- 
bourne General Catalogue, and with those of the Cape Catalogue 
for 1880." 

John. Tebhutt. '■ Donble-Star measures made at Windsor, New 
South Wales, iSSg-iSgo." 
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A. M. W. Downing. " Note on the Orbit of Juno." 

Aatronomer-Royal. » Notes on tlie Preparatiooa for the Worl 
of the Astropliotographic Chart." 

H. Q. van de Stinde Bakhuyzen. " Variations of Latitude ds* 
diiced From the Observations of Polaris made at G-reeuwich, i" 
1S89." 

Biiddiffe Obifi-vatarij, O.vfurd. " Observations of the Planol 
Victoria and comparisoa stars, made with the Transit Circle di 
the opposition of i88g," (Communicated by Mr. Stone), 

A. Marth. " Ephemeria for Physical Observations of Jupitev^ 
1891." ^ 

Thanvis Ricli^rd Olnpham, Auatwick Hall, near Settle, Xork- 
flhire ; Avthur Kennedy, i plement's Inn, "\V-C., were duly eleoied 
Fellows of the Society. 

The following Candidates were proposed for election as Fellows 
of the Society :— 

Alfred Henry Pison, D.Sc., University College, London (pro- 
posed by P. W. LavanderJ ; Thomas Oonlan, F.R.Met.Soe., 9 Scotch 
Street, Whitehaven (proposed by Sir B, 8. Ball) ; George E. Sale, 
B.Sc , 4S45 Drexel Boulevard, Chicago, U.S.A. (proposed byS. W. 
Burrdiam). 



BRITISH ASTRONOMICAL A.SSOCIiTI0N. 
The fifth ordinsiry Meeting of this Association was held in 
Barnard's Inn Hall, Holborn, pn March 25, 1891, the president. 
Captain W. Noble, in the Chair, 

The names of nine candidates for admission were read and 
ordered for suspension, and eighteen new Members were elected. 

Mr. Elger, the Director of the Lunar Section, read a paper on 
Ptolemaua, which is one of the formations especially under study 
by the Section at the present time, illustrating his remarks b?' a 
aeries of slides, showing Ptolematia under high and low illumina- 
tion. Mr. Elger drew especial attention to the true scale of the 
formation, which covers an area equal to that of Lancashire, Tork- 
ahire, and Westmoreland, pointing out that what observers are 
accustomed to speak of as pits, holes, mounds, or hillocks, are 
really very large objects, that many of the minor features on the 
floor o£ Prolemaua are really as large, not merely as the crater o£ 
Vesuvius, but aa the entire mountain. He strongly recommended 
draftsmen not to attempt too much at one silting. It was far 
bettor to delineate thoroughly a small portion of the surface than 
to make a hasty and imperfect sketch of a large district. He 
mentioned also that he had discovered a new straight pay on the 
floor, and sijccified several other points upon which the'work of 
the Section had increased Iheir knowledge of the details of the 
formation. 



J 
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Mr. Green gavo an address on the Lunar Seaa, also illitalrated 
by lantern-slides. He said that in his paper he was rather going 
to take an opposite course to that reconimended hy Mr. E!g«r, and 
deal with general views r.ither than with minute dutails. It was 
argued by Naamyth and Carpenter that the Lunar Seas were tlie 
oldest formations on the Moon. He thought he conld show that 
was not the case. First of all he would point out that the largest 
seas were neap the centre, and that tliey decreased in si/.e towards 
the limb, and there was no trace of a sea on the limb itself at any 
period of the lihratioii. That looked as if position relative to the 
Earth had something to do wiih them. Then we found craters 
with their seaward walls broken down rouud the margin of the 
Bsas, t. g. Fracaatorius on the Mare Nect^ris ; the Sinus Iridium 
on t^e Mare Imbrinm, and ao on. The re^cs of the missing wait 
looked lite n pieL'e of melted material. On this view Pico and 
other isolated mouutaius were to be looked upon as the remnants 
of ranges. The Appenines appeared aa if they had been nnder- 
miaed by some liquid, for great masses which appealed to have 
fallen from their summits lay parallel to them, Mr. Green then 
explained how he thought that the lunar tides might have given 
rise to the formation of these seas. 

Other papers announued were ;— " The Canals of Mara,'' by A. 
Stanley Williams. Three papers on the "Determination of Star 
Colours," by W. S. Franks, the Bev. W. E. Waugh, and B. J. 
Hopkins respectively. " Seleoographic Studies," by Victor Neilsen. 
" Is the Moon cased in Snow '?" by S. E. Peal. " Sun-glowa," by the 
Eev. S. J. Johuson. " Two New Ked Stars, and a possibly Variable 
Star," by the Bev. T. E. Espio. " John Michell," by J. K. Sutton. 
'■The companion of Sirius," by J. E, Gore. "Sketches of Jupiter 
and of the Zodiacal Light," by E. M. Antoniadi. 



EOTAL METEOKO LOGICAL SOCIETY. 

The twelfth annual Exhibition of Instruments was opened on 
March 3, in the rooms of the Institution of Civil Engineers, 
25 Great George Street, Westminster. The Exhibition this year 
was devoted to Bain- and Evaporation-Gauges, and new iustru- 
ineuta constructed since the last Exhibition. 

Almost every known pattern of rain-gauge that has been used 
in thia country «aa shown ; most of the gauges have funnels 5 or 
8 inches in diameter. The Meteorologieiil Office S-incb gauge is 
generally regarded its the bust gauge for ordinary observers to 
whom cost is not a primary obji'et,, as it has all the good features 
of the Glaisher and of the Snowdon patterns, and, being of copper, 
IB very durable. In mountainous districts, where the rainfall 
ie heavy, and the gauges can only be periodically examined, gauges 
capable of holding 40 or 5° inches of rain must be used. Speci- 
mens of those gauges, as well as of the rain- and snou'-gaugea used 
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in France, Germany, Eussia, Switzerland, and the United States, 
were shown, as also were some interesting storm-gauges and self- 
recording gauges. The evaporation-gauges included several 
instruments employed for measuring the evaporation from a free 
surface of water, and others for use with growing plants. A 
number of new instruments, among which are various anemometers, 
recording barometers, and cameras for meteorological photography, 
and an interesting collection of maps of rainfall over the British 
Isles and vaidous parts of the world, as well as numerous 
photographs of floods, meteorological phenomena, &c., were also 
on view. 

The usual monthly meeting was held on March i8. Dr. C. T. 
Williams, Vice-President^ in the Chair. 

Mr. Gt. J. Symons, F.R.S., read a paper on the 'History of Eain- 
Gauges,' from whicli it appears that Sir Christopher Wren, in 
1663, designed not only the first rain-gauge, but also the first 
recording-gauge, although the instrument was not constructed till 
1670. The earliest known records of rainfall were made at the 
following places: — Paris, 1668; Townley in Lancashire, 1677; 
Zurich, 1708; and Londonderry, 171 1. Mr. Symons gave a very 
full account of the various patterns of rain-gauges, and in most 
instances pointed out the merits or defects of each. 

Mr. A. W. Clayden, M.A., showed, on the screen, a number of 
interesting transparencies of photographs of clouds, lightning- 
flashes, and other meteorological phenomena. 



Notes on Visits to some American Observatories. 

Last autumn (October, 1890) opportunity offered itself for 
visiting America. The dismounting of the 2 5 -inch refractor at 
Gateshead was begun in September, and the work was well 
advanced by October 1 5th, for 1 had seen the telescope dismounted 
without hitch or accident, and had realized afresh to what a colossal 
creature the disjecta membra belonged ; had escorted the object- 
glass to Cambridge, and safely deposited it in the library of the 
Observatory, where it received a warm welcome; had seen the 
preliminary trenches dug for the foundations of the building on 
the new site ; and had left Messrs. Wailes & Co.'s workmen at 
work on the dismantling of the iron dome and outbuilding at 
Gateshead. The work was then well in hand, and Mr. Common's 
kind consent to have any questions that might arise referred to 
him, relieved my mind of all need for anxiety, though it was ac- 
companied, like other brain-tonics, with a slight bitter taste in the 
shape of a suggestion that on my return he would w^elcome me 
in the capacity of Hungry Editor. Many a time, in hearing of 
some special bit of work accomplished, I have thought " this will 
be news to interest readers of * The Observatory ' ; " but on my 



-Apr. 1891.] American Observatories, 153 

return, I glance through the numbers of * The Observatorj/ and 
find with dismay how terribly up to date the Editors have kept the 
public. All my interesting points are stale news, and it seems as 
if all I can do will be to hold a kind of audit, and add signature to a 
statement to the effect that the items of news from certain Ame- 
mcan sources have been examined and found correct. 1 cannot 
laope to impart the vividness that comes of being able to connect 
"the personality of the worker with the account of his work, but the 
instructions for people who wish to attain it »re simple enough — 
*' go and do likewise." The carrying out of these instructions may 
"be another matter ; but if any one is induced to make the trial, he 
"will find (if I may generalize from my own experieilbe) the kindest 
possible welcome and open doors to mines of interest in results 
suid methods. 

A pOgrimage to Mount Hamilton does undoubtedly involve a 

great deal of travelling ; but when the route chosen carri'^s one 

into Canada up that magnificent front drive — the St. Lawrence — 

"through that magnificent front gate — Quebec — to Montreal ; over 

"the Canadian Pacific Railway to Vancouver and Victoria; on a 

peaceful Pacific round Cape Flattery, and through the Golden 

Oate to San Francisco, there is no thought of hard peas beneath 

one's feet. So from our start from Liverpool, October 23rd, to our 

arrival in San Francisco on November 23rd, the time seemed 

short when we considered that in that month we had spent five 

days in Montreal, and a total of five or six more in the Rocky 

Mountains, Vancouver, and Victoria. 

At the Lick Observatory, Prof. Holden gave us — my wife accom- 
panied me in these journeyings — a very hearty welcome, and we spent 
three splendid days and nights in becoming initiated into the mysteries 
and beauties of the top of Mount Hamilton. From San Francisco 
a journey of two hours in a train took us southwards through the 
wide and extraordinarily fertile Santa Clara Valley to San Jose, and 
thence a pretty pair of chestnuts dragged us up the hill road 27 
miles. The big dome of the Lick Observatory is visible from San 
Jose as a white spot on the hill top, 4209 feet above the sea. Though 
so late in autumn the weather was wonderful ; there had, however, 
been no rain in September, and so we learnt something of the diffi- 
culties of life up there. Our host, in greeting his dust-bestained 
guests, said that " we might drink water, and now and then wash 
our faces, but baths were out of the question.'' Now the drive had 
been very dusty, and I fear we washed our faces too often, for on 
the last night of our visit there was not enough water to work the 
engines to turn the dome of the big refractor. Three days later the 
long-expected rain came, and we felt glad that the siege of the astro- 
nomers had been raised, but still more glad (I may confess) that we 
had visited them during the siege, and had not come in for the 
downpour. 

The sight of the sky at night was superb. In the daytime I 
was surprised to see how strongly polarized the light from the sky 

VOL. XIV. M 
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was, judging at least from the intensity of " Haidinger's brushes;" 
this intensity may, however, have been due to increased sensitive- 
ness of the eye in unusual surroundings. There was undoubtedly 
a large quantity of dust in the air ; and at sunset th^e rose from 
the plains the blanket of fog to which is ascribed the steadiness of 
the atmosphere above the mountain ; only the highest peaks rise 
above the fog. It was inevitable that our visit should fall on nights 
near full moon, but even with the disadvantages caused by moon- 
shine in observing, it was worth foregoing some of the observing 
to realize what moonshine can be. 

That evening we spent some time in the big dome, and Mr. 
Burnham showed some extraordinarily fine doubles. The fineness 
of the star-images and the steadiness of the atmosphere made one 
realize what magnificent opportunities are there. The companion 
which Burnham has found to HerschePs companion io Aldebaran 
was splendidly clear. [This I failed to see at Washington on a 
good seeirg night with the 2 6 -inch, but at Princeton Prof. Young 
and I spw it with the 23-uich.] A very fine double close to Alcyone 
with separation of about o"*25 was well seen. It was striking 
to see the ease with which the instrument was handled. Mr. 
Bumham's son assisted him. The dome was turned easily and 
quietly by means of a water-engine. A very convenient home- 
made chair of Mr. Burnham's device was in use on the movable 
floor. The movement of the floor seemed to be effected without 
difficulty, as I saw next morning; but alterations are contemplated 
which will make it more advantageous and convenient. 

Later in the evening, Prof. Holden showed me numbers of 
photographs taken with the big refractor, some of the most interest- 
ing being short-exposed plates of nebulse, in which the nucleus of 
the nebula makes its mark as a fij?e point hardly distinguishable 
from neighbouring 8th or 9th magnitude stars. These are taken 
with a view to deciding the question of the existence and magni- 
tude of the parallax of nebulsB. Special photographs have to be 
taken to determine the exposure suitable for each nebula. Prof. 
Holden had just devised arrangements for taking enlarged photo- 
graphs of details of the Moon, the clockwork being iu this case a 
source of difficulty. Messrs. Barnard and Burnham are both 
finished photographers, and some of Mr. Burnham's photographs 
bearing upon the question of short exposures for showing minute 
differences of intensity were extremely interesting. 

Mr. Barnard was most kind in showing on our iiuid night at 
Mount Biunilton the admirable quahties of the 12-inch. This was 
originally the property of Dr. Henry Draper, and was only given 
up by him when he got the i i-inch photographic glass which is 
doing such good work at Harvard in Prof. Pickering's hands. 
Mr. Barnard was still perturbed by his observations on the abnor- 
mal appearance of a sateUite of Jupiter, ^ich was seen to be 
either double or belted, or in some way distorted whilst passing in 
front of Jupiter's disc. But tiiese mental pertozfattiiiaiui weie 
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rather hidden by the satisfaction in recovering a comet for some 
time lost to sight. This comet is 1889 c?, discovered by Brooks in 
July 1889, and is probably destined to become notable, inasmuch 
as Mr. Chandler, of Cambridge, Mass., welcomes it as Lexell's 
Comet, and shows that it has passed so close to Jupiter, that a 
satellite must have passed through its tail. Mr. Barnard got ob- 
servations of it in November, and has, I hear, got later ones in 
December ; these will be of very great interest. It is to be noted 
that this is the recovery of a comet too faint for smaller instru- 
ments. 

It was a disappointment to me not to meet Mr. Keeler, who has 
charge of the spectroscopic work with the 36-inch. He was 
absent from Mount Hamilton at the time. He had lately got very 
satisfactory results in measurement of motion in the line of sight 
working with a diffraction-grating in spectra of the 3rd and 4th 
orders. The jnode of checking results by measurement of motions 
otherwise known, e, ^., the motion of Venus, has given great 
weight to measurements of motions not otherwise known. We 
must join Mr. Maunder in congratulating Mr. Keeler on the ex- 
cellent agreement of independent measurements of such small 
velocities (' Observatory,' No. 168, p. 354). 

The very difficulties met with in using a large refractor liie the 
Lick telescope form a subject of extreme interest. One has food 
for reflection when one realizes (i.) that the position of the photo- 
graphic plate may vary as much as two inches along the axis of the 
telescope to give the best results in enlargements according to 
the kind of object photographed and according to the kind of 
detail desired ; (ii) that the collimator tube of the spectroscope 
has possibiUty of motion 4 inches along the axis in order to 
give the best results in different parts of the spectrum ; and (iii) 
that a keen observer (Mr. Keeler) is able to detect stars of the 
Wolf-Eayet type in virtue of the dispersive power of the objective 
alone, which objective has been carefully and satisfactorily corrected 
for achromatism, and compares very favourably with, for instance, 
the Vienna and Pulkowa glasses. 

For the satisfactory utilization of the 36-inch in various lines of 
research, Prof. Holden has arranged that for two nights a week 
photographic work goes on under his direct care, for two nights a 
week Mr. Bumham uses it for micrometric work, and for two 
nights a week Mr. Keeler is doing spectroscopic work. Mr. 
ISchaeberle has charge of the meridmn work. It may be a ques- 
tion how far it is desirable to employ one telescope in so many 
lines of research ; but the question presses perhaps less for solution 
on Mount Hamilton than in other places, on account of the very 
large number of observing nights; this makes it desirable to 
double the staff working with the one instrument, and practically 
duplicates the instrument from the standpoint of less favourably 
situated observatories. So each observer works on his two nights 
as if aU the other nights were cloudy, and without doubt these 
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other nights are bad observing nights for Jiim, And one cannot 

but be struck with the spirit that prevails, and which makes one 

feel that the Lick Observatory is essenti^y one of the world's 

observatories, apart from any nationality. 

After leaving Mount Hamilton, we spent three days at Monterey, 

a most beautiful spot on the Pacific coast, and thence went to San 

Francisco, to begin our homeward route. Eor the sake of southern 

climate we chose the Southern Pacific or Sunset Eoute, and so 

passed through California to Los Angeles, and across Arizona and 

Texas to New Orieans ; and in a forijnight's time, which included 

a digression to see old friends in the heart of Florida, and also a 

snowstorm in Virginia — the so-called " severest for 50 years " — we 

reached Washington in the last days of December, and felt that we 

were in a land more densely populated with observatories. 

Cambridge, 1891, Mar. H. F. JSTbwall. 

[To be continued.] 



A Visit to the Observatory at Windsor, N.S,W. 

The morning in January on which I visited Mr. Tebbutt'e obser- 
vatory at Windsor was not a typical day of sunny New South 
Wales, but reminded one more of Old England, it being dull and 
overcast and by no means warm. 

Windsor is about 30 miles distant from Sydney in a north- 
westerly direction and I proceeded to it by train ; Sydney is soon 
left behind and we run through pleasant suburbs, here and there 
having glimpses of pretty villas with their broad verandahs, half 
hidden behind the profusion of a semitropical vegetation. These 
soon become scarce and we begin to traverse tracts of bush, as the 
Australian woods are called, occasionally cleared to make room for 
orange-groves and vineyards. We speed past Parraniatta (well 
known to astronomers by Sir Thomas Brisbane's catalogue of 
stars), and in due course reach Windsor, an old town for Aus- 
tralia. Strangers need have no fear of not finding their way, for 
everybody knows Mr. Tebbutt, whose name, indeed, has become a 
household word in Australia through his endeavours to create an 
interest in our science. 

The observatory is situated on rising ground a little way back 
from the road and not far from the junction of a small stream 
with the Hawkesbury river. I mention this, avS, although the 
observatory is 50 feet above the river-level, it has been flooded. 
In 1867 the river rose no less than 627 feet, flooding the obser- 
vatory and also Mr. Tebbutt's private dwelling to the ceilings on the 
ground-floor. Floods of 40 feet are not too scarce but they do not 
invade the buildings. A splendid horizon is formed on the north- 
west by that strange range, the " Blue Mountains,^' and such is the 
extreme purity of the air that Mr. Tebbutt tells me he can dis- 
tinctly see stars set behind them. 
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The observatory has been well described by Mr. Tebbutt in his 
* History and Description' of it, published in 1887, a«nd I need 
only remind readers that the chief instruments are an 8-inch 
equatorial refractor by Grubb and another of 4^ inches by Cooke, 
and a transit instrument of 3 inches clear aperture very solidly 
mounted after Mr. Tebbutt's own designs. To be sure of the 
workmanship, Mr. Tebbutt built the masonry for his transit 
instrument himself, and, in reference to the many mechanical 
retinements upon refinements seen in some observatories, he 
remarked : " Ah ! I don't believe in loo many ; those telescopes 
never do much work." 

In a country where astronomy is but little thought of, it is 
pleasing to come across such a bright exception as Mr. Tebbutt, 
himself an Australian who has never been out of New South Wales, 
and who truly loves astronomy for its own sake, and who has 
pursued it with unflagging devotion for now nigh on 30 years, and, 
as he modestly remarks, " doubtless with some service to the cause 
of Astronomy." 

The long list of contributions to the pages of the ' Observatory/ 
•• Monthly Notices,' and ' Astronomische Nachrichten ' testify to 
"this latter fact ; indeed, situated as Mr. Tebbutt is, in the Southern 
^Hemisphere, his long series of observations is invaluable. We 
xnay remark, too, that not only has he equipped and kept up the 
observatory at his own expense, but he has also made all the 
observations and himself computed nearly all the reductions ; and 
"this, for an unbroken period of over a quarter of a century, and so 
I'ar distant from those taking an interest in his pursuits that it 
creates, as he plaintively remarked, a feeling oE isolation. 

I saw the observation journals and forms of reduction, all most 
methodically kept and every computation thoroughly checked. 
The high weights awarded to the Windsor observations in the 
cometary researches undertaken by German savants is the greatest 
compliment on his work and accuracy that Mr. Tebbutt could well 
receive. Mr. Tebbutt drew my attention to a fact that I have 
not seen noticed in works on astronomy. I was speaking to him 
about the angle from N. point in observing an occultation; 
he said that he took no notice of these angles, as all he had to 
do was to put the micrometer-wire near the circle of declination 
the star is situated on, for there it must both disappear and 
reappear. Climatic differences have now and then given rise to 
the necessity of corrections unknown in colder or less extreme 
climates. The thermometer often registers over 100^ in the shade 
in summer and has even registered 117^, but Mr. Tebbut has 
taken every care to minimize the effects of this extreme heat on 
his transit observations. 

The occasionally excessive rainfall, sometimes 20 inches in 4 days, 
has had the peculiar effect of altering irregularly the altitudes of 
the piers of the transit iustrument, and on fine warm nights the 
mosquitoes are by no means to be despised when making a delicate 
observation. 
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The anunint ol work accomplished bj Mr. Tebbutt shows what 
prirate oboeiTers can do if their enthusiasm is tempered with 
sjBtem. 

The intense pnritj of the skies in Australia can hardly be con- 
ceived by people living near London. The colours assumed at the 
setting of the sun are very fine, a delicate rose tint as contrasted 
wifch tile red in England, with often a few isolated pink streamers 
extemding high into the heavens. 

On dear dry days the sun shines with gmt force, so that even 
Ti^ien not looking towards light people in the c^pen air contort 
their faces on account of the glare. 

The heavens generally are more striking tiian in the north, and 
no doubt as Australia becomes more settled obs»^ieis will become 
frequ^it and share with Mr. Tebbutt the position he now holds 
alone. 

In conclusion, perhaps you will aDow me to use this oppor- 
tunity of thanking Mr. Tebbutt fw his ^nial hospitality to a 
stranger. His l^glish welccmie was pecuHarir acceptable in 
strange surroundings. The picture ai his home near bos Obser- 
vatory, in which he is quietly devoting his life to astronomy with 
his family round him, occupied my recoUectitKi ti»t pleasantly on 
the return journey to Svdney. B. T. A. I^xbs. 



ViTELLO AND Lee. — All the large formations which fissure on 
the border of the Mare Humorum possess eharaeteristies that dis- 
tinguish them from the ordinary type and render them and their 
surroundings pecuhariy interesting both to the observer and the 
lunar theorist. On the north we lave Gassendi. with its wonderful 
interior, rent in all directions br defts* and eihiMtinij a central 
mountain of curious comriexitT : oq the west. Asatharchides and 
Hippalus \^ith thwr incocplete borders and remarkable riH-systems ; 
on the east* Mera^nius with its convex Soor* and Doppelmayer — 
another eioumple of a ma: with a rdmed wall : and. finally, on the 
north, Titello and Lee* the fot K?cis:oc»? of the verv few instances 
of a ring-plain within a ni:s>poai : and the Iar?t, a fourth example 
of the partial destn^rtk*!* rnsn cmaee? unkiiowTu of the side of a 
formation fa«nc tiie Ma;:^. 

Excepting the rerc««isir5cis< in !:he maps of Miidler, Neison, and 
Schmidt, Aei>? aiv trw rutS^aaeddbrawingi* of Vttello. The forma- 
tion is compaiadTieJT sjsaL aod sorroiimfcd on every side except 
the north by an asdc^^st -cc <&tsi which ret^uires a much larger 
scale fcT it$ adec/:xtr<e Twc«e«3satfak^ of any of the above 

charts. Sciimi^h s tmc^ ot at. ^x;;?^ as^ reasardfr che interior, is far 
from beii^ i^ hk*^ ^cof^stEs^rxk ^ctoxg^ of hx» skill in lunar deli- 
neation, und ^is TWtisr^ :iim&^ ^K^iraiDT 1» hi& drawing of the 
region east ii Xl6tS» ,^sa^Jbs^ IWt and th& aoolibflaca side of 
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Doppelmayer. Vitello shares with Taruntius the peculiarity of 
possessing an inner concentric ring; but this feature in the case of 
the latter is not complete, exhibiting a want of continuity in two 
or three places ; while the interior rampart of Vitello has no 
apparent break, though its very close contiguity with a very 
massive and interesting central mountain, rising considerably above 
its summit, often prevents it from being seen in its entirety. 
Irrespective of this, however, it is by no means an easy object, to 
be viewed at any time when the central portion of the floor is free 
from shadow, for one often fails to glimpse it, even when con- 
ditions are to all appearance favourable and small details on the 
floor easily seen. This may be, and probably is, due to very 
slight changes in the angle of illumination. On January 21, this 
year, 9^ o™ to 10^ o™, a good view was obtained of it with a power 
of 350, the E. longitude of the morning terminator being about 
50°. It was traced completely round the central mountain, and 
appeared to be of equal brightness throughout, except a narrow 
section of it, east of the centre, where it was crossed by a thin 
wedge-shaped dusky marking, extending from the then narrow 
shadow of the central mountain to the foot of the eastern wall. 
On this mountain two of Schmidt's craterlets were comparatively 
easy objects, but no traces were seen of the third, which he shows 
near the inner foot of the north wall, though I had a distinct view 
of it on November 28, 1884, at 8^, under a lower Sun. Schmidt 
and Neison represent the border of Vitello as continuous, but at 
sunrise, and for some time after, there are clear indications of two 
narrow breaks in it on the north-west. These are prominently 
shown by Madler, and one of them by Schroeter (T. LIV. fig. 2). 
On the opposite side, the crest of the south-eastern section of the 
Wall is loraer than the south-western section, and, instead of being 
Continuous with the latter on the south, appears to turn suddenly 
Southwards and form part of the range of which Nelson's /3 is one 
of the loftiest mountains. Two straight dark streaks were noted 
On the flodr, one commencing at the qiuisi gap in the north-west 
border and forming a tangent to the northern side of the inner 
x*ing, and the other, nearly parallel to it, on the extreme southern 
Bide of the interior. 

Between Vitello and Lee, but nearer the latter, there is a very 
peculiar circular formation, an evident depression in the plateau, 
Dounded on the south and east by two prominent mountain masses. 
A bright little crater is the only object which breaks the monotony 
of its smooth interior, which is of a much lighter tone than the 
surrounding region. A remarkable rill-like valley, commencing 
on the west side of the more westerly of the two mountains just 
mentioned, winds round the southern and western side of this 
depression, gradually increasing in width and depth as it proceeds 
northwards, and being concentric with its circular margin. It 
ultimately cuts through the cliffs bordering the Mare west of Lee, 
and extends, 1 believe, as a delicat'O cleft some little distance on the 
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surface of the Mare towards the point of junction of Doppelmayer 
and this formation. It is a very noteworthy object, resembling an 
old river-bed, and deserves attention, as hitherto it appears to have 
been unnoticed, or, at any rate, unmentioned. Schmidt shows only 
a few of the njany isolated features visible at sunrise within the 
bay-like inflection called Lee, or on the site of its ruined wall. 
Their visibility is very ephemeral. On January 21st not a trace 
of one of them was apparent on the uniformly grey surface, with 
the exception of a crater near the middle of the opening, and a 
faint steeak traversing it proceeding from the northern end of the 
bay towards the place where the cuiTed rill cuts through the cliffs. 

Thos. Qwyn Elgee. 

Beaumont House, Shakespeare Boad, 
Bedford, 1891, March 19. 



CORRESPONDENCE. 

To the Editors of ' The Observatoiy,* 

Cassini's Division in Saturn* s Ring. 

Gentlemen, — 

It is somewhat amusing to read, in M. Guillemin's recently 
published * Les Planetes et leurs Satellites,' the statement in 
reference to the discovery of the principal division in Saturn's ring 
(note to p. 200), that "d^apres les astronomes anglais, il parait 
que dix ans plus tot [than Cassini*s discovery] (en 1665) I'astro- 
nome W. Ball aurait, ^ Taide d une excellente lunette de 38 pieds 
de distance focale, reconnu que Fanneau etait double . . ." The 
misconception on which this was founded was, as is well known 
to all your readers, and doubtless to most astronomers, fully ex- 
plained in 18S2, so that the English works from which M. Guille- 
min derivinl the above statement must be at least nearly nine 
years old. Yours faithfully, 

Blaokheath. W. T. IjTSTS. 

1891, March 18. 

Celestiai Spectrum Analysis, 

Gentlemen, — 

You Imve beeu so kind as to insert in the last number of 
the 'Observatory* a review of my book 'Die Spectralanaiyse der 
Gestinus* for which 1 desire to express my thanks ; which are also 
due to Miss Clorke, who has praised my work in such flattering 
terms, 

Thert^ art* a few }Hnnts which have called forth adverse criticism, 
iu smue i-^ases Miss Clerke bt^in^ ivrtaiuly right, while in others she 
is 1 thiuk wnu)g« Uowe\^r« 1 should not have mentioned them 
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were there not one point of such high importance, tbatit is my duty 
to defend my opinion. Miss Gierke says: " Unfortunately, however, 
the wave-lengths are given in a Potsdam scale, the introduction of 
which is equally unnecessary and undesirable. Angstrom's scale 
cannot, of course, be permanently retained, but Rowland's is its 
destined successor, and the multiplication of standards shotdd be 
strenuously resisted." 

Miss Gierke cannot have read my explanation of the reasons which 
decided my use of the Potsdam wave-lengths (page 170). I should 
like to hear upon what grounds Miss Gierke bases the inference 
that Rowland's tables are to be the successors of Angstrom's. 
Upon ground, I fear, artistic rather than scientific. 

There can be no doubt that Rowland's tables are finer than the 
Potsdam ones, nor that they are the best which exist, but 
unfortunately Prof. Rowland has not given a catalogue of all his 
lines from exact measurement of the negatives. The wave-lengths 
taken from the Rowland tables can be employed for many purposes, 
but not for all — for example, for the reduction of photographic 
stellar spectra they are not sufficiently complete. The Potsdam 
wave-lengths can be employed for all purposes ; I know no otlier 
catalogue of such completeness. Moreover, the Rowland standards 
have been changed from time to time, and there is no publication 
which makes directly evident the method by which the Rowland 
standards have been calculated. They all depend on the wave- 
length of one single line. On the contrary the Potsdam calcidations 
are accessible to everybody. 

It is as if we compared a fine chart of the heavens and a meridian 
catalogue of stars. For orientation the chart is indispensable, and 
in some cases the positions taken from it suffice, but in many 
others they do not, and then we must ha^e the catalogue. In 
practice exact values of wave-lengths are much more useful than 
the best reproductions of spectra, and I believe that if Miss Gierke 
had to deal with the measurement and reduction of good photo- 
graphic stellar, or other, spectra, she would use Rowland's tables 
lor orientation, but when it came to reduction she would say 
*' Give me the Potsdam Gatalogue." And thus my opinion is, as 
already expressed in my book, use both — one for orientation, the 
other for calculation. Since the constant differences between 
Rowland and Potsdam are small, there is no difficulty in finding 
Rowland's lines by Potsdam wave-lengths. 

Therefore I must say, that if I had to write my book again I 
should again use the Potsdam wave-lengths. I should be glad if 
this discussion could contribute to the propagation of the Potsdam 
wave-lengths among practical workers in spectrum analysis, so that 
" the multiplication of standards might be strenuously resisted." 

Tours faithfully, 

Potsdam, 1891, Feb. 28. Dr. J. ScHElNER. 
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The Perseid Radiant. 

Gentlemen, — 

Eecent articles which have appeared in the astronomical 
journals in relation to the Perseid Kadiant have caused a deeper 
tone of interest to he attached to any reliahle meteor work that has 
heen done during the early part of the month of August. Those 
who are interested in meteoric astronomy will hail with pleasure 
the list of 418 meteor-paths which appear in No. 3016 of the 
* Astronomische Nachrichten.' They are observations made at 
Warendorf in the year 1888, chiefly on August 8, 9, and 10, by 
Plassmann and others. 

I have made an independent examination of these paths for the 
purpose of sorting out me Perseid meteors. The results are inter- 
esting, as they in part bear out Mr. Denning's conclusions, and 
add weight to his discovery of the shifting of the radiant of these 
August Perseids. My conclusions are as follows : — 

Date. Badiant Point. No. of Meteors. 

August 8th 41° +52° 21 

August 9th 44 4-55 28 

August I oth 46 4-53 65 

It is noteworthy that these collective meteor-paths give a radiant 
for August 8th very near to that found by the independent obser- 
vations of the writer and Mr. Denning for the same date in the 
year 1888. The E.A. of the radiant is the same in each instance, 
but the Decl. as found from my discussion of Plassmann's list is 
5° south of that found by myself and Mr. Denning from our sepor 
rate observations on this date. 

The diffuse character recorded at Leeds and Bristol for the 

Perseid radiant in 1888 is also very prominently marked from 

Plassmann's list ; but the centre of radiation is very clearly shown, 

although the diffusion extends over several degrees both in R.A. 

and Decl. Tours faithfully, 

70 North Street, Leeds, Datid Booth. 

1891, March 14. 

Early Comets. 

Gentlemen, — 

For the completion of a good catalogue of Comets such as 
that in Chambers's work a few additional entries still seem neces- 
sary, as e, g. : — 

A.D. 541. "A comet appeared in Gaul so bright that the whole 
heaven appeared to be on fire " (Mat. of Westm.). 

A.D. 906. " A comet appeared and lasted nearly half the year " 
(Mat. of Westm.). The length of time shows that this is quite 
distinct from the Chinese observation of 905, for that comet was 
seen for less than a month. 

A.D. 107 7. ''A blazing star appeared on Palm Sunday, being i6th 
April, about six of the clock, when the air was fair and clear " 
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(Hollinshed's Chronicles). It is difficult to see to what the reference 
can be, except to a comet, as no new star is recorded. 

One is almost disposed to refer the following description to a 
comet : — 

Aj). 849. " A pillar of light rose up to heaven and was visible for 

thirty days." TWs is verj unlike any reference to an aurora. 

Tours faithfully, 

Melplash Yioaraee, Dorset, S. J. JoHICSOK. 

1 891, March 10. 



OBSERVATORIES. 

Paris. — ^Volume xix. of the ' Annales,' dated 1889, is a collection 
of Memoirs of which several, if not all, have already appeared in 
a separate form. The first, by M. P^rigaud, is a detailed account 
of the method used for determining the division errors of a Circle. 
The second is a contribution to planetary theory by M. Boquet, 
teing the calculation of the eighth term of the disturbing function. 
JM. Tisserand has shown how essential this term is to the theory of 
X)hin6ts like Pallas, whose orbits are of more than average eccentri- 
crity and inclination. The third paper is on personality in measure- 
ments of double stars by M. Bigourdan. He recommends as the 
:inost satisfactory method the use of an artificial pair of stars which 
can be set to known distances and position-angles, whose magni- 
tudes can be altered at will, and the images of which can be dis- 
turbed and diffused by a gas-flame so as to give all the disadvan- 
tages of celestial observations ; and describes in detail an apparatus 
for the purpose by which he determined his own personality. 

Then follow the Comet observations made from 1835-1855. 
During this period 39 Comets were observed, but the results have 
never yet been published ; and M. Bossert has now charged himself 
with the publication. Two memoirs by M. Callandreau and one by 
M. Henry on the figures of the heavenly bodies ; M. Eadau's essay 
on refraction ; and a short paper on the stability of the Solar 
system by M. Eginitis complete an important and interesting 
volume. The results of the last paper may perhaps be quoted in 
full:— 

1. The major axes of the planetary orbits are subject to secular 
inequalities of the third order in the disturbing masses. 

2. The inequalities are periodic and of very long period, so that 
for several centuries they may be considered to vary directly as the 
time. 

3. The Earth and Saturn in particular are at present very slowly 
a.pproaching the Sun. 

"We notice at the same time the appearance of an extract from 

volume XX. of the ' Annales,' viz. M. Callandreau's memoir ' Sur la 

th^orie des Com^tes periodiques,' in which he continues M. Tisse- 

^■and's researches on the capture of comets by the major planets 

cf our system. 
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PUBLICATIONS. 

Astronomical Society of the Pacific. — Number 14 of the 
Publications contains much of int^erest. Prof. Holden gives an 
account of his observations of Saturn 1879-89, with illustrations. 
The following sentences are important in connection with Prof. 
Asaph Hall's very similar conclusions noted recently : — "The ob- 
servations were all made with unusually powerful telescopes. A 
particular feature in regard to the series is that the sketches do 
not show certain peculiarities of Saturn, which have been reported 
by other observers with smaller telescopes." 

There is a useful index-map of the Moon contributed by Prof. 
C. A. Young ; and an account of the Observatory of Swarthmore 
College, by the Director, Miss S. J. Cunningham. After some 
other papers, follow the now well-established " Notices from the 
Lick Observatory, prepared by members of the Staff." In one of 
these, on the Satellites of Mars, we read : — " During April and 
May (1890) two observers made a conscientious search for new 
satellites. The weather conditions were rather unfavourable. 
The general conclusions reached were that no new satellite exists 
within the orbit of Deimos, which is anything like as bright as one 
fourth the brightness of that satellite. It is possible, though not 
very likely, that so faint a satellite as this may exist outside of 
Deimos' orbit or within that of FhohosJ* We are glad to learn 
also that Dr. Otto Dziobek's planetary theory is to be translated 
into English by Prof. Harrington, of the Michigan Observatory. 
The work is to be issued to subscribers at $3.50 (orders can be 
sent direct to Prof. Harrington). Mr. Ne wall's visit to Mt. 
Hamilton is recorded, and it is announced that Lord Eosse and 
Dr. Auwers are expected there soon. 

Prof. Holden devotes a final note to the expression of a hope 
that the U.S. Naval Observatory may be furnished with a new 
Constitution when the establishment is transferred to the fine new 
buildings now nearly completed. We drew attention in our last 
number to the Eeport of the Superintendent on the inadequacv of 
the Staff. 



A Catalogue or Binaby Stabs. — This is a reprint of a paper 
read before the Eoyal Irish Academy in June 1890, and is of 
considerably more value than its title indicates. Mr. Gore has 
catalogued 61 pairs for which orbits have been computed. They 
are arranged in order of E.A. (1890*0). The E.A. dec, P., T., «, t, 
^, X, a, the computer and date of computation follow in columns. 
Then we have the magnitudes, colours, hypothetical parallax, 
observed parallax, values for A and B in Eambaut's formulae, 
relative brightness, and references to original work. All this in- 
formation can be seen at a glance by persons working on theories 
in connection with the construction of sidereal systems, and much 
time and labour saved thereby. To make the table still more 
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valuable, Mr. Q-ore has given copious notes to each pair, with 
recent measures. It seems ungracious to complain, but if Mr. Q-ore 
could have managed to insert an extra leaf in the reprint giving 
more recent notes, it would have added to its value. We have in 
mind Schorr's work on $ Scorpii (S 1998), analogous to Seeliger's 
i Cancri. By the way, there is an unfortunate misprint in the 
note to this system, it should be Z Cancri and not £. We do not 
know why Struve's magnitudes are preferred to some more recent 
authority-. 

Oottam's Chaets of the Constellations *. — In no. 158, p. 57, 
we referred to the first edition of Mr. Cottam's charts. We have 
now received an edition reduced to 12x15 inches, and accompanied 
by descriptive letterpress, the whole bein^ serviceably bound. 
Our favourable comments on the first edition are applicable to 
this also, wliich is perhaps more convenient in size for practical 
-work. We can heartily recommend those who desire a good 
atlas to obtain Mr. Cottam's work. 



NOTES. 

Meteorology in the ' Times.' — It would seem that the practice 
has hitherto been to give the barometric indication for the 24 hours 
ending 2^ a.m. of the day of publication, as well also as information 
on temperature, dew-point, &c., for noon, 9*^ p.m., and 2^ a.m. of the 
same 24 hours. In this way one day weekly (Saturday) becomes 
altogether omitted. 

Now the practice apparently is to give the barometric infor- 
mation on Monday for 48 hours, by which the record is made 
continuous, giving on other days the record for 24 hours as before. 
But the contracted time-scale on Monday is inconvenient, as 
causing the curve to the eye to have a greater steepness as com- 
pared with other days. It might be well to give the record on 
every day for the previous 48 hours ; the diagrams on different 
days would then be strictly comparative, besides which such 
information for 48 hours is not too much to include. 

What has been said regarding the barometer applies also to the 
"Temperature and Hygrometric condition." One day weekly is 
omitted. This information might also be given on Monday for 
48 hours to make it continuous, as for the barometer. And if the 
brtrometric information should in future be given on every day for 
48 hours, then the "Temperature and Hygrometric condition" 
might similarly be given always for 48 hours. 

The '^ Temperature &c." condition is said to be for "London." 
It does not seem clear whether this is the ' Times ' office or else- 
where. 

* E. Stanford, 26 & 27 Oockspur Street, 8.W. 
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The Solae Spboteum at Medium and Low Altitudes. — 
A very important study of the telluric spectrum on a large scale 
has recently been published by Dr. L. Becker, of the Eoyal Obser- 
vatory, Edinburgh. The instrument used was a grating spectro- 
scope fitted with an ingenious recording instrument devised by 
Dr. Becker, by the aid of which he was enabled to record the 
places and intensities of 3637 solar lines in the district X 6024 to 
F. The object of the investigation being especially the study of 
the telluric lines, the spectrum had to be very carefully observed 
with the Sun at various altitudes, and 928 lines are recorded as 
due to our own atmosphere. • These are mostly arranged in three 
bands; the first running from X 6020 to X 5666, and containing 
678 lines. The other two correspond to bands Hi and i of the 
Brewster-G-ladstone spectrum, and contain 106 and no lines 
respectively. 

The maps, which are very carefully drawn and have been well 
reproduced by photolithography, are designed on a scale of oscilla- 
tion frequencies, a scale which the late Astronomer Boyal for 
Scotland strongly advocated, and which has some decided advan- 
tages. A scale of wave-lengths is also supplied, and renders yet 
more com|^ete a work of very high value and importance to all 
interested in the study of the spectrum. 



Emile Gaxttiee. — We regret to record the death of Colonel B. 
Gautier, who succeeded Plantamour as Director of the Geneva 
Observatory in 1882, and held the office for seven years. Born 
at Geneva on 1822, April 18, he studied under Le Verrier, assist- 
ing in the calculations which led to the discovery of Neptune. In 
1847 he published an " Essai sur la Theorie des Perturbations des 
Com^tes." In i860 he observed the total solar eclipse in Spain. 
Despite active military duties he from time to time contributed to 
astronomical publications. In later years he was assistant astro- 
nomer at Geneva, and during the illness of Plantamour virtually 
filled the post of director. 



Mince Planets. — M. Charlois has named the following :-r- 
No. 296 Phaetusa, No. 297 Cecilia, No. 298 Baptistina, No. 300 
Geraldina, No. 302 Clarissa. M. MiUosewich discovered No. 307 
on March i, and M. Charlois No. 308 on March 5. 



When Night Begins. — ^From time to time the question of what 
constitutes night has arisen in courts of law in this country, and 
it appears from the following note by the Paris correspondent of 
the 'Daily Telegraph ' that the question has also arisen in France. 
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He says : — " There has been oousidorable discussion lately in oua 
of the proviucial lau'-courts as to the precise definition of the word 
■ night.' A prisoner was being tried on the charge of having 
broken a law nearly iialf & century old, which sets forth that no 
sportsman shall be permitted to indulge in his favourite pastime 
during the nocturual hours. The gendarmes who had discovoied 
him biaKing away in a wood had drawn up a proces-verhal in due 
form, and they were much disconeerted when it was contended on 
behalf oE the defendant that they had been completely in error, 
and that the day was not yet over when they arrested him. This 
raised the question as to the precise moment at which ni^ht might 
be said to begin officially, and there was much reference to scien^ 
tific works. Finally it was decided that night might be regarded 
as having commenced with the close of the twilight — that is to 
say, when the Sun had di^seended more than 6" below the horizon. 
The ' Annoaire du Bureau des Longitudes ' was then uonsulired, 
and it was ascertaiaed that twilight had ended on the day in 
question thirty-seven minutes after sunset in the wood in which 
the sportsman was apprehended, and as he had been detected in 
the act of firing a shot after that time he was found guilty and 
sentenced to the penalty prescribed by the law. So sportsmen are 
now warned that tUey must uot prolong their amusement after 
the 8un has descended 6° below the horizon, and if they are in- 
clined to be very accurate they must provide themselvfts HT.th 
proper instruments for the purpose of ascertaining the fact with 
the requisite precistou.'' 



1 



M. Loewi'e Woek on AuEHiiATio?!.— We are glad lo see in the' 
' Comptes Eeudus' for March i5 a note by MM, Loewy and 
Puiseux on their determinal;ion of the Constant of Aberration. 
The main part of the note is an account of the circumstances 
which have during recent years caused some doubt to be thrown 
on the accuracy of Struve's constant 2o"'44, published in 1S43; 
and the results of M. Loew/s work for 10 months are given iu 
three important sentences at the end as follows : — 

" I, Struve's value 2o"-445 is very near the truth. It would, iu 
our opinion, be premature to alter it. 

" 2. M, Fizean's result, that reflection does not afEect the behi- 
viour of rays with regard to aberration, is conlirmed. 

" 3. The new method for determining aberration can be re- 
garded as satisfactory and definitive." 

The experiments are still in progress, aud details of those 
already made and those to be made will be given iu a future 
memoir; but the importance ol' the work is well estLiblished bv 
this preliminary note. 
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The Position of the Nebulab Line. — Dr. Huggins commu- 
nicated to the Royal Society on March 13 an account of Mr. 
Keeler's ^ork at the Lick Observatory, on the " Chief Line in the 
Spectrum of the NebulaB.*' One of the most interesting points 
brought out in the paper is the astonishing accuracy of the 
measures with the fine instrument of the Lick Observatory. A 
discordance of o'i5 tenth-meti*e on one day was immediately sus- 
pected as due to some systematic error; and on examination the 
telescope of the spectroscope was found to be 5° wrong in position- 
angle, which adequately explained the discrepancy. Mr. Keeler 
says that he would " with some confidence undertake to determine 
the month of the year, by measuring the distance of the principal 
line (in the spectrum of the nebula of Orion) from the lead-line 
used in the comparison spectrum.** 

B/Csults based on measures so accurate as these must be received 
with great respect ; and we quote verbatim the conclusions iat the 
end of the paper : — 

" (i) The nebular line is 0-43 tenth-metre more refrangible 
than the lower edge of the magnesium fluting. 

" (2) The nebular line has no resemblance to a fluting. 
' "(3) Flutings and lines of magnesium, which could not fail to 
appear at the same time with the fluting at \ 5006*36, are entirely 
absent in nebular spectra." 

It appears to Mr. Keeler " that the non-coincidence of the chief 
nebular line and the magnesium fluting must be regarded as 
proved," and that thus Mr. Lockyer's deductions from the assumed 
coincidence do not hold good. 



LoGABiTHM Tables. — A magnificent volume has just been issued 
by the Paris Government (Service Geographique de TArmee), 
entitled 'Tables des logarithmes a huit decimales des nombres 
entiers de i a 120,000 et des sinus et tangentes de dix secoudes en 
dix secondes d'arc dans le systeme de la division Centesimale du 
quadrant, publiees par ordre du Ministre de la Guerre.' There are 
about 700 pages, each 14^ in. by 11 in., the type being very clear. 
One cannot but regret that the latter part of the work is cast in 
the Centesimal system, in which it is useless to all but French 
geodesists. 



Perhaps I may be allowed to dissociate myself from my col- 
league, Mr. Common, so far as to congratulate him on the honour 
which is to be conferred on him on April 16, when the University 
of St. Andrews are to create him LL.D. Our readers will, no 
doubt, be glad to hear of this graceful recognition of Astronomy, 
in the person of one of its devotees. H. H. Tubnee. 



THE OBSERVATORY, 

A MONTHLY REVIEW OF ASTRONOMY. 



MEETING Ob' THE ROYAL ASTRONOMICAL SOCIETY. 

Friday, April lo, 1891. 

Lieiit.-G«n. J. F. Tennant, CLE., E.E., F.R.S., 
Prmdent, in the Chair. 

Sicretarws : E. B. Knobel and A. M. W. Dowsing, M.A. 

Thb Minutes of the last Meeting were read and confirmed. 

Mr. Chambers. May I ask why the 'Monthly Notices' for 
March have not yet been issued ? 

Mr. Knohel. There is no real necessity to issue the ' Monthly 
Notices ' before the meetings of the Society, and in this case it 
could not have been done without sacrifice of accuracy. 

Mr. Downing. Sixty-five presents have been received since the 
last Meeting ; amongst those calling for special mention are :— 
' Annales de I'Observatoire de Paris,' Menioires, torae sii., pre- 
sented by the Observatory, and ' tEuvres Completes de Laplnce,' 
tome viii., presented by the Academy of Sciences, Paris. 

The President. In ejpressing thanks for the presents there is one 
Bubject I should like to bring before the Society, and that is that 
the observations of Loewy and Puiseux have been provisionally re- 
duced, and we shall have the results shortly, Tou will be glad to 
hear that in the " Note on Aberration," read before the French 
Academy, the values given entirely confirm those of Struve. 

Mr. Knohel read a pnper by Mr. S. W. BMmhani on " Invisible 
Double Stars." Some of the invisible double stars are recognized 
from certain irregularities in the movements of known bright 
stars, others are recognized by the periodical doubling of the linea 
in their spectra, while a third kind is recognized from changes in 
m^nitude of bright stairs. The difficulties of eliminating errors 
of observation in the first class must cause the results for these 
stars to be received with caution, whOe for the spectroscopic 
doubles there has as yet been no confirmation of the results of the 
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observations. Id dealing with thoBo stars tlint are supposed to 
bo double, because of the apparent irregularities in their move- 
Tiieuts, we must not place too much relwnee on the observatioue. 
Taking the case of ^ Cancri, the star of this class that has received 
moat attention, I have endeavoured to lay down all the observa- 
tions accurately to scale, but without success. It haa been as- 
sitmed that Ijirius has a dark at.teiidaut ; but here again the obser- 
ABtions cannot be plotted with any at-curacy, and the same applies 
to all the more remarkable stars of the eame Mod. All the stars 
I have examined in this way have such small irregularities in their 
motions that the probabilities of error are often greater than the 
irregularities, and this being bo it is not at all extraordinary that 
the observationB ahoiild show apparent agreemonte in poisitiou at 
irregular periods of time. 

Captain Noble. Unless these invisible utars are absolutely devoid 
of light, pholograpby might assist us here, for it is only a question 
of prolonged exjioaure to get the image of any star which emits 
light. 

Mr, liavyard. In the ease of Sirius the light of the bright star 
would cover up the faint dark companion. It has always been 
diftlcult for me to beliei'e that a star «hieh emits only one forty- 
Ihousondth of the light of Sirius should have half the mass of tbo 
briglit star. 

Mr, Downing. It seems to me the weakest point in Mr, 
Buniham's paper is the regularity of the intervals of time at which 
the discordances of powtion occur. When we have these dis- 
cordances occurring over and over again at r^ulor intervals there 
is really something hke a primd-fncie case made out for the un- 
seen companion. Mr. Lewis has given considerable attention to 
this point, and I am sorry he is not here to speak, but to-day he 
meulioned one star of tliis class in which there were eleven such 
discordances at regular intervals. 

A vote of thanks was accorded to Mr. Burnham for his paper. 

Mr. Turner read a pajier by Colonel Baamt and Coniniandant 
fiffforyes " On tiie recent determination of the Longitude of Paris- 
Greenwich," and a reply by himself, 

Mr. Turner said that in a paper read in January he had 
mentioned ft discordance between the results obtained by the 
English and the French observers. Four observers took part in . 
the work, two English and t«-o French, and the signals were 
satisfactory nil through ; but it was found that the time de- 
terminations at the two ends did not agree, in favi the observers 
at Paris had apparently a different persona] eqnation when they 
cnme to Greenwich, and on their return to Paris their original 
personal equation was restored. In connection with this he had, 
in a former paper, recorded a fact and an opinion. The fact was 
that after a very cnri'ful search through the reductions nothing 
was found to throw light upon the subject except one nintler, ^■it. 
that there was a curious diffcn-nce between the nadir and the 
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atriding-Jevel determinations of level error in the case of the 
Frent'li inatruineut used at Greenwich. Having noticed that ouo 
of these (the nudir observations) would give accordant resultB, lie 
appeared to have atated too Btronfjlj his opinion that the other 
■ determinations were wrong. The French observers in their pre- 
sent paper called attention to this as only an opinion, and they 
maintuined that the proper course was to take the mean of 
the two methods of determination as they had done. They 
also point out that the personal equation of the English ob- 
servers varied during the operations, as was natural, seeing that 
they were new to tlie small instruments used, although familiar 
with the transit*ircle ; and it waa true enough that any change 
of personal equation naturally leads to suspicion with regard to 
results. Those were the main points of the paper which the 
French observers had communicated to the Society. They cer- 
tainly atrengthensd their position when they called attention to 
the very large accidental eiror that appeared in the comparisons of 
the results with the transit-circle observations at Greenwich, and 
there could be no doubt that the probable error of such a. com- 
parison was large, larger perhaps than had been supposed. The 
determination of time was not such a siuiple matter as it woidd 
appear at first sight, tor determinations with two or three instru- 
ments side by side did not give such accordant results as we should 
have expected. The French observers considered that these dif- 
ferences were so very lar^e that the comparison could not be used 
to justify one set of results and to condemn another. They also 
objected to the comparison with the transit-circle on the ground that 
there was tuterpo&ed between the transl^cirde observations and 
the longitude ones an additional relay, and they suspect that this 
was not qmte constant in its action. The relay was tested on 
various occasions, and neier found wanting, so that he (Mr. 
Turner) did not think there were any grounds for looking on it 
with suspicion. And, again, the relay had nothing to do with this 
particular pomt, since it « as comnion to both instruments at Green- 
wich, and could not, therefore, have produced any differential 
effect. The main point of his reply was to call attention again to 
the fact that the series of longitudes could be brought into agree- 
ment by the simple supposition that the nadir determinations of 
Isvel error were correct. 

The Astroimtner Royal. The Fellows present may perhaps think 
these matters ate rather technical, but they are very important, 
and these discussions will assist us very much in longitude deter- 
minations in the future. It is on this account that I welcome the 
opinions of the French observers. I hope that next year, in con- 
cert with them, we shall be able to have a new determination 
which I trust wilt give more accordant and trustworthy results. 
Tarioua sources of error have been brought to light in these riis- 
tuMions, and will be guarded against in tbe future. One point is 
with regard to tfie reliiy. AVe carefully discussed our programme 
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with the French observers before commencing work, but we over- 
looked the point that while we work nith make contacts to owr 
chronographs the I'Veiich use break contacts. As soon as the 
French observers came over ws found that in order to work their 
ebroiiographs it was necessary to interpose a relay. I have been ■ 
discussing the time question with Commandant IJeffoi^^ and we 
have come to the conclusion that it would be better for each set 
of observers to have their own clocks. Our difficulties will, it is 
hoped, be overcome in this way. I agree with Mr. Turner that 
the discordance between the transit-circle and the longitude ob- 
servations can hardly be explained by the variations in the action 
of the relay, but still there ia a possibiHty of en-or from that 
cause. 

The Pretident. 1 uould like to know whether next year there 
is any hope that you will be able to determine the longitude 
directly between the observatories of Paris and Green«'ich. 

The Asteanomer Eayal. In my opinion, and 1 think in the 
opinion o£ the French authorities, the Observatory of Montsouria 
ia practically the zero with which we ought to compare. The 
French Geodetic Survey uses this as a starting point for their 
determinations of longitude, and it is of more interest to join up 
with this Survey than to determine the exact longitude of the 
Paris Observatory, in England the Geodetic part of the Trigono- 
metrical Survey was practically finished some vears ago whereas 
in France it is stUl in hand, so that the eircumstauLe'' m the two 
countries are somewhat different 

The President. I think we mav giie a very cordial vote of 
thanks to Colonel Bassot and Commandant Defforges for their 
paper, and to Mr. Turner for his kindness in trymg to elucidate 
this matter. I am sure we all hopi that ne^t ^ear there will not 
be the differences between the results that «erc fo md at the last 
determination of this longitude 

The Astronomer Eoyal has juit returned tiom Pans and I «ill 
now ask him to give us some account of what passed at the 
Congress there. 

The Astronomer Royal. I ha^e no'' prepared any report on the 
proceedings, but a general statement of what went on may be of 
interest. In the first place I may mention that a Sub-Lommittee 
prepared a programme of the questi ms to be dismayed at the 
Conference. I will not detdin the iclloiis by reading the actual 
questions proposed, because some of them were passed o^er and 
others amplified considerably. In the first place, the Coinmitt«e 
received reports from the various Obseiratories on the installations 
of their photographic telescopes, and. I think, with one or two 
exceptions, the installations were reported to be complete. Un- 
fortunately the war now going on in C! 

prevent the observafory at MantJago from 1. 
Specimens of photographs were submitted I 
vatoriefl, and a Bub-Committee, of i ' ' ' 
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member, was appointed to examine them. I believe the Committee 
arrived at the conclusion that the photographs were remarkably 
uniform in their character, considering that different makers of 
instruments and different photographic plates were used in different 
countries. On the whole, very good results were exhibited. 
Reports were also received on the preparations made for the 
catalogues of guiding stars. These are in an advanced state in 
raost cases. After that came discussions on various questions 
>vhich were submitted to the Committee. The first resolution 
was that the guiding stars might be chosen at a distance up to 
40' from the centre of the field. The next point, I believe, was 
as to how the reseaux were to be imprinted, the Committee having 
decided at a previous meeting that they should be imprinted by 
parallel rays formed by the photographic objectives. As a result 
of the representations made by one or two members, it was decided 
to allow the impression of these reseaux to be made by means of 
parallel rays either from refractors or reflectors. Another point 
was that the plates were to be oriented for the epoch 1900 in 
the zones from 65° of the pole. The next question gave rise 
to considerable discussion, and that was whether the execution of 
the chart of the heavens should be postponed indefinitely till the 
plates which were to be taken for the Catalogue were completed. 
It was urged by many of the members that whilst we had all come 
to definite conclusions as to the conditions under which the Cata- 
logue plates were to be taken, there was considerable diversity of 
opinion as to the length of exposure for the Chart plates. In the 
end it was agreed that the Committee, whilst recommending that 
the execution of the plates for the Catalogue should be pushed on 
as actively as possible, were of opinion that advantage should be 
taken of the greatest number of fine nights for the long-exposure 
plates of the Chart, so that the two classes of work will go on 
concurrently. Another question brought forward was as to the 
length of exposure for the Catalogue plates. At the last meeting 
of the Committee it was decided that two exposures should be 
given to the plates for the Catalogue stars. One was defined to 
give stars of magnitude 11, and another exposure of one fourth the 
duration was to be given with a small displacement of about 1 5" or 
20", the object being to be able to identify readily stars given by 
the long exposure. It was decided to lengthen the short exposure 
and to make it one half of the longer, so that it would show faintly 
stars of magnitude 11. A further question arose as to how the 
nth magnitude was to be defined, and some criticism was offered 
on the two alternative definitions which had been laid down by 
the Committee two years ago. One of those was that the expo- 
sure was to be for the Catalogue plates 6^ times that required to 
give the 9th magnitude of Argelander ; but the following resolu- 
tion said that each Director was to assure himself that the plates 
which he took for the Catalogue contained the nth magnitude 
stars as found by calculation from the 9th magnitude with the 
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coefficient 2*5 12, which is the usual coefficient for passing from one 
magnitude to another. The two definitions would correspond on 
the assumption that the time of exposure varies inversely as the 
brightness of the stars to be photographed ; but it was felt, in 
view of some remarkable results brought forward by Dr. Scheiner, 
that these two definitions were not necessarily identical, and in 
order to avoid that difficulty, a resolution was passed that the nth 
magnitude was to be determined from the 9th magnitude by means 
of a wire-gauze screen placed before the object-glass. 

Another question which gave rise to a very animated discussion 
was whether it would nob be better to give a triple exposure in the 
form of a close triangle, so that the images would blend together, 
and when the plates were reproduced, whether by photography or 
by any other method, the images would form a distinctly visible 
spot of light which could be distinguished from specks of dust or 
any accidental defects. Finally it was arranged that the first 
serios of plates for the Chart (centres at even degrees of declina- 
tion) were to be taken with a single exposure. Further researches 
wore to decide whether the Committee would recommend two or 
three exposures iust-ead of one for the duplicate series. 

Then came the question of exposure for the Chart plates to give 
magnitude 14, which practically involved the definition of magni- 
tude 14 pliotographiciilly. Some members naturally wanted to 
have the exposure as long as possible, and others not too long, and 
nobody could really say what exposure was required for the nth 
magnitude, to serve as a basis for defining the length of exposure 
for the 14th on the chart plates. Finally, we determined to adopt 
a n^solution to the effect that the exposure for the first series of 
chart plates was to be 40 minutes under mean atmospheric con- 
ditions at Paris and with the Lumiere plates now in use there, and 
that the exposure (in minutes) at any other observatory should be 
40"* X t'j't^ where t and t' txre the times (in minutes) required to 
give I ith magnitude at Paris and the other observatory respectively. 

Another point of importance was the selection of the reference 
st^\rs in each ]>late and arrangement^! for determining their posi- 
tions. Oi course when the plate is taken it is important that we 
should have j\ll the elements for determining the positions of the 
:^lai*s on it. For that purpose a Sub-Committee was appointed 
to hold a nuvting on April 4, and it was agreed as a general 
piv|H>sition that on each plate there should be about 6 stars, the 
positions of which wero to bo well determined by meridian obser- 
\*}\tiv>\^s. Thus it would W n^wssarv to form a catalogue of 
60.000 to 70.000 st;irs frimi meridian observations to be made 
within the next few vi\irs. It seems verv desirable tliat that 
should Ih^ oarriiHl out. and the Committee agreed on the basis, and 
(ho details will Iv si^ttUxl by further correspondence. 

No n>soUition had Ihvu come to as to the time when tiie work 
of the phot^^wphio map shouKl Iv re«illy begun, but it was decided 
uu;iuiuuHi$ly tliat the work $liould be begun as soon as the wire- 
piu«i' v^nviis liavt^ bceu supplied to tlie vaiious ohservatorieB for 
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determining the nth magnitude. That, perhaps, will take about 
two or three months. There was a strong feeling amon^ Prench 
astronomers that in the region of the heavens in \vhich the 
asteroids are found, the charts should go beyond the 14th magni- 
tude. The Committee decided that that was rather beyond their 
functions. The final resolution was on the proposal for the re- 
distribution of the zones assigned to the observatories. A new 
plan had been proposed as a modification of that adopted at the 
last meeting of the Committee. There were naturally some objec- 
tions raised to that. Observers who found they were working 
either too near or too far from the zenith did not like the arrange- 
ment exactly ; but as no one suggested any alternative, the arrange- 
ment proposed was adopted. I feel sure all present will agree 
with me that the meeting this year has put on a practical basis 
this great work of a photographic survey of the heavens. It has 
now been started under practical conditions, and I trust it will go 
on without further hitch. Any future developments may easily be 
discussed without interfering with the. general scope of the work. 

Captain Abney, The Astronomer lioyal has covered nearly all 
the ground, and has left me very little to say. One point to which 
he alluded to I should like to refer to, and that is, how the map 
is to be reproduced. I think there was a general feeling at the 
Congress that it would be unworthy of the map if it were pro- 
duced by anything except photography, and that the most delicate 
tool — light — should replace the pantograph. Regarding the pro- 
posal to make three exposures, I think the principal argument in its 
support depended upon the idea that the maps were to be on albu- 
minized paper, and were to be white spots on a black surface. 
There is a great difference in recognizing stars shown as white 
spots on a black surface compared with black spots on a white 
surface. Anyone who examines a star photograph under a micro- 
scope can easily tell a star from a speck of dust, and for this 
reason I think three exposures are not necessary. Finally it was 
settled that the map is to be reproduced by photography, but not 
by any process which would be liable to deterioration by shrinkage 
in the medium on which the stars are shown. It would be prema- 
ture for me to say how this is to be done, because I am on the 
Committee appointed to decide this, though I have a definite 
opinion on the matter. The great variety of plates used for the 
map was very striking. They were of all kinds — good and in- 
different. Some showed the parsimony of the plate makers, for 
the films were too thin, and a great deal of the light passed 
through and was reflected back, forming a ring round the star. 
Other plates did not show this, but were sharp and perfectly satis- 
factory in this respect. I think the great question for the observers 
to settle before they set to work is to find the most sensitive and 
suitable kind of plate. I think I can indicate a formula for the pre- 
paration of the plates that will give far better results than will be 
obtained by going to ordinary plate manufacturers, who study their 
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pockets more thaa science. Tbe Astronomer Eoyal has, I think, 
' given a very graphic account o£ the proceedings of the CongresB, 
escejit perhaps that he omitted recounting certain very earnest 
debates that rendered the proceedings anything hut monotonous. 
. Mr, Plummtr. I have the disadvantage of speaking after two 
great authorities, and possihiy therefore the only point to which 
I can refer with atlvantage is the examination of the plates, of 
which Committee 1 was a member. That Committee consisted of 
the Brothers Henry, Dr. Scheiner, and myself. We went through 
the plates from the various oliservatorieB with a great deal of care. 
The points to which we paid attention were the character of tiie 
field, the quality of the image, and the distance from the centre of 
the plate at which those images were measurable and the position 
ot the plate with regard to the focal plane. The result at wtieh 
we arrived was the general similarity of the whole character o£ 
the plates, whether they had been made hy one firm or another. 
It had been urged in the early days of the photographic chart that 
it was necessary, or at least desiralile, that one firm of artists 
should he entrusted with the construction of tbe object-glasses. 
But just as with the visual object-glass there is no great supe- 
riority if you go to an efficient artist, so in the case of photo- 
graphic objectr-glasses the result was equally satisfactory. Of 
course there were some rather bizarre negatives shown. One 
gave an image of e Orionia which had been exposed eight hours. 
1 think 1 am not exaggerating when I say it was half an inch in 
diameter. A matter of regret, to my mind, was the fact that no 
negatives from the Paris Observatory were exhibited; but 1 have 
no doubt from what I have seen elsewhere that their object-glass 
is quite comparable with those we had the opportunity of examining, 
Capf. ^ohle. Can you induce Mr. Roberts to say a few words 
on the subject? I bad a most intei-esting discussion with him in 
the Councfl-room, in rfhich he gave some remarkable results of his 
on the effect of exposure^ — -how one night he got only 40 stars 
when on another night he got hundreds. 

Mr. RoberU, I do not think any remarks 1 may make will have 
great weight, for this reason. The chart is to he prepared with 
instruments diffurently constructed from mine, with a smaller 
aperture and of relatively longer focal length, and the differences 
to which Captain Noble has referred may not be so pronounced 
with that sort of instrument as they are with mine. It is quite 
true that I have taken several photographs of the same stellar 
area on nights of different quality, and that I have obtained on 
what appeared to be a bad night with a hazy sky and a good deal 
of moonlight, with 1 5™ exposure, 400 stars, and that either on the 
same night or one following, with an exposure for the same length 
of time, I could not get a fifth of the number of stars. On a 
night when the sky was fairly clear and the exposure 6o"°, the 
number of stars was under 200, whereas on another apparently 
bad night, with an exposure of 15"", I got a mui'h greater number. 
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These are only indicHtions that great uncertainties have to be dealt 
with in determining the reijuired exposure in charting the stars, 
hut they will be met as they arise by those who will be eugaged 
in the photographic work ; by degrees we shall find out the 
cause of these estraordinary differences, and then they can be 
dealt with and some intelligible system of exposure adopted. 

Oapt. Ahney. It is perfectly poasible that on luminous niglits 
an action has taken place on the plate at the same lime that the 
stars are being impressed. In Switzerland I have taken some 
photographs of stars, and certainly when we had no Moon and a 
Tsry black sky we always got fewer stars on the plate. The liglit 
from the aky was doing its work when the stars were impressed 
on the plate. 

Mr. Roberts. 1 thought the moonlight had something to do 
with it, but I expected the result to be uniform when the moon- 
light was on ; but I did not find that to bo so. 

Mr. l^mer. From M-hat the Astronomer Eoyal has said it 
Bftema to me the Committee have been somewhat in the position of 
those gentlemen in the Play who, after having been detected in 
various falsehoods, determined on one occasion to tell the truth ; 
but after a moment's consideration, they asked — " What is the 
truth to be ? " The Committee seem to have been, in the case of 
one of the resolutioDS, rather frightened at their own decision 
and to have reopened a question I thought settled, viz. whether 
leugth of exposure is to be considered equivalent to brightness. 
1 should like to hear Capt. Abuey repeat the statement I have 
heard him make, which it seems to me the world in general has 
not quite sufficiently accepted, and that is, that to increase the 
■ intensity is exactly equivalent to increasing the time for photo- 
graphic exposure. C^pt. Abney has raised another question, on 
which I shall be glad if he will say a word or two more, and that 
is as regards the initial action of faint light. Would he reoom- 
mend that the plates should be exposed to a faint light first to 
start the action ? 

The AHroiiemer Royal, I might ask Captain Ahney whether 
he would suggest that wiiile the plate is being ex]>osed there 
should be some scattered light which might come through the 
crfjject-glass. 

Capt. Abnet/. I have said before in this room that exposure 
and intensity are equivalent to one another — that is to say, that 
doubling the exposure is equal to doubling the intensity of the 
light, but I always put in a saving clause, "within limits." The 
limit is one which may have been arrived at. I have made care- 
ful experiments in regard to it. Where you use an aperture of lens, 
say, the 300th of an inch, and in another case an aperture of a 
quarter of an inch, they have a definite ratio to one another ; but if 
jou expose plates for times equivalent to those apertures, you find 
there is a very slight variation between the two. But that is only 
when you come to very minute intensities of light. Tou quite 
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see how that can be. I do not think in the exposure to which 
these plates will have to be put that this limitation ought to come 
in. I believe that practicafly 2*5 times the exposures ouglit to 
give you what you require ; that is to say, another magnitude. 
As regards the prelimindry exposure, I think it would be very 
much better to get a more sensitive plate which does not require a 
preliminary exposure. As a rule, I believe that nearly every quick 
plate that is sold has had a preliiiiinary exposure or, what is 
equivalent, a preliminary decomposition of silver salts, that is to 
say, that the manufacturer has fogged it unwittingly. A plate 
15 on the sensitometer may be made to show 23 by a preliminary 
exposure. When you come to estimate star magnitudes you must 
recollect you are altering entirely the ratio of your densities and 
disks when you give this preliminary exposure. At the Congress 
M. Trepied had collected'the various formulaB found to give an in- 
crease of one in the star magnitudes, and my own belief is that the 
differences in these formulae were due to the fact that the plates from 
which they were obtained had had preliminary exposure or prelimi- 
nary decomposition. A great many of the plates that were there 
were not bright plates ; it might have been due to the bright sky to 
which they were exposed, but I could not detect that it was so, as 
the margins of the plates had the same veil, and they ought not to 
have had this if it were due to the bright sky. If you want to get 
out a great many stars, and do not care about their magnitudes par- 
ticularly, it would be very advisable to give a preliminary exposure, 
but if you wish to measure the magnitudes do not do it. It is 
better to have a standard, and the only standard is a plate that is 
perfectly bright. 

Mr. Plummer, It was distinctly stated by one of the experts 
present that the ratio of 2*5 did not correspond to successive 
increments of magnitude, and I have no doubt that that opinion 
exercised considerable weight with the Committee. I understood 
the Potsdam representative to say that up to a certain point it 
represented very fairly bright stars; but that for faint stars the 
time of exposure required to be continually increased, and that 2 J 
times exposure sometimes gave ^^ magnitude, and sometimes only 
half a magnitude. 

Capt, Ahriey. That seemed to be only experienced at the 
Potsdam observatory; but it seemed to me an extraordinary 
occurrence. 

Mr. Itanyard, Here is a very curious point with r^ard to the 
printing of small stars. I find in producing star-maps with a very 
slight print you get very many more stars than when you print 
deep. Theivfore in reproducing maps there ought to be some 
constant of the exposure of photographs even after they are 
made. 

The Astrononwr ]ioi^al. "With regard to the reopening of the 
question of ostinmtod magnitude, I did not see that it did any harm, 
and 1 thought the adoption of the screen gave a very valuable means 
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o£ verifying the truth of that law. I thought the screen should be 
applied to test the law that the brightness of stars photographed 
varied inversely as to the length of the exposure. There was a 
feeling in the minds of some members that the photographic and 
photometric definitions were not necessarily identical ; therefore I 
thought there would be no harm in adopting the photometric 
method. 

Capt. Ahney. Anybody who has attempted to measure the disk 
of a star will know that it is rather a shaky thing to do. It is 
very difficult so say where the disk extends to and where it does 
not, and I quite understand that if Mr. Christie and myself were 
to measure a star-disk we should differ. The same man should 
do it throughout. There is a method, however, I think by which 
a star-disk can be measured with the greatest accuracy. (The 
speaker then illustrated his method on the blackboard. See note at 
the end of this No.) 

The President. I will ask you to return your thanks to those 
who have taken part in the discussion. We have not only had 
what passed at the Paris Conference, but we have had a good many 
Comments on it which are very instructive, and I trust they will 
be well reported so that we can see them at our leisure. 

Mr, Thackeray read a short note from his paper on " A Com- 
parison of the North Polar Distances of the ' Nautical Almanac ' for 
1 880 vrith the Cape Catalogue, the Greenwich Ten-year Catalogue, 
S4nd Boss' Standard Star-places for 1880. 

A vote of thanks was accorded to Mr. Thackeray for his paper. 

The following papers were announced : — 

S, W, Bumham, " Sirius." 

John Tehhutt, " Observations of Phenomena of Jupiter's Satel- 
lites at Windsor, New South Wales, in the year 1890." 

A, Stanley Williams. " Eeduction of Measures of the Photo- 
graphs of Jupiter taken at the Lick Observatory in 1890." 

Col, BasHot and Commandant Bejforges. *' Sur la determination 
de la longitude Paris— Greenwich." 

H,H, Turner, " On the recent Determination of the Longitude 
of Paris— Greenwich. Eeply to Col. Bassot and Commandant 
Defforges." 

W, O, Thackeray, " A Comparison of the North Polar Distance 
of the ' Nautical Almanac ' for 1880 with the Cape Catalogue, the 
Greenwich Ten-year Catalogue, and Boss' Standard Star-places 
for 1880." 

W. O. Thackeray. " Approximate Proper Motions of some 
Groombridge Stars,'* 

L. Becker. " On the Orbit of the Periodic Comet 1867 I." 

8, W. Bumham. *' Invisible Double Stars." 

B. Bryant. " The Perturbations of Sappho 80." 

A. Marth. " Ephemeris for Physical Observations of the Moon, 
1891." 
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John BilUngton Booth, J.P., Preston, Lancashire, and Hannibal 
.Mirahita, 134 Strada Britannica, Alexandria, were duly elected 
Fellows of the Society. 

The following Candidates were proposed for election as Fellows 
of the Society :— 

Richard Edward Synge Cooper, Gentleman, Hillniorton Paddox, 
Bugby (proposed by J. C. Adams) ; H. F. Newall, Trinity College, 
Cambridge (proposed by H. H. Tunier); and Samuel H. Ridye, B.A., 
275 Victoria Parade East, Melbourne, Australia (proposed by P. 
Edward Dove). 



MEETING OF THE EOTAL METEOROLOGICAL 

SOCIETY. 

Wednesday, April 15. 

Me. a. Beewin, Vice-President, in the Chair. 

Me. J. Baxbndell, Mr. H. Champ, and Mr. S. H. Eidge, B.A., 
F.R.G.S., were elected Fellows. 
The following papers were read : — 

1. " Some Remarkable Features in the Winter of 1890-91," by 
T\ir. F. J. Brodie. The author points out the peculiarities oV 
special features of interest in the weather which prevailed over 
the British Isles during the past winter. In addition to the pro- 
longed frost, which lasted from the close of November to about 
January 22, he finds that the barometric pressure for the whole 
winter was about a quarter of an inch above the average ; and 
that when the wind was not absolutely calm there was an undue 
prevalence of breezes from some cold quarter. The percentage of 
winds from the southward did not amount to one half of the 
average. The number of foggy days in London was no less than 
twice the average. The rainfall over the greater part of the 
British Isles was less than half the average. The author says that 
almost every element in the weather has been influenced to an 
abnormal degree by the remarkable prevalence of high barome- 
trical pressure, and if we were called upon to define the season 
1890-91, we should have little hesitation in giving it the name of 
the ** anticyclonic " winter. 

2. "The Rainfall of February 1891," by Mr. H. S. Wallis. 
This was one of the driest months upon record ; the mean rain- 
fall over England, excluding the Lake District, being only o*o66 
inch, or about one fortieth of the average. 

3. " On the Variations of the Rainfall at Cherra Poonjee in the 
Khasi Hills, Assam," by Mr.H. F. Blanford, F.R.S. Cherra Poonjee 
has long been notorious as having a heavier rainfall than any other 
known place on the globe, the mean annual fall being frequently 
given as about 600 inches. Mr. Blanford ha« made a critical exami- 
nation of the various records of rainfall kept at this place, and has 
come to the conclusion that the above amount is too high, and that 
the average annual rain&ll is probably only a little over 500 inches. 
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MEETIN(f OF THE ASTRONOMICAL SOCIETY 
OF THE PACIFIC. 

1891, Marcli 28. 

TuE Directors met prior to the regular meeting and elec^d 3 
lifu-members and 21 ordinary members. 

The Annual Meeting wus held by invitation in th« Lecture-hall 
of the California Academy of Sciences immediately after the 
Directors' Meeting. 

Mr. Holden in the chair. 

The minutes of the last meeting were approved. 

The Secretary read a list of seventeen presents received, and 
the thanks of the Society were voted to the g!\Br8. 

The lint of new members elected was read ts the meeting. 

The Committee on Nominations reported a list of mi mea proposed 
for election, as follows : — 

For Directors: Messrs. Alvord, Burckhalter, Hill, Hilborn, 
Holden, Keeler, Molera, Fierson, Schaeberle, Souk^, Ziel. 

For Cnmmittee on Publication : Messrs. Holden, Keeler, Tale. 

The cordial thanks of the Society were returned to llie Cali- 
fornia Academy of Science for their invitation to hold its meetings 
of March and November 1891 and January 1892 in the Lecture- 
hall of the Academy building, and the invitation wan accepted. 

Messrs. McConnell and Veeder were appointed as tellers. The 
polls were open from 8.15 to 9 p.m., and the persons above named 
were duly elected. 

The Treasurer then read his aiunual report, as follows : — 
Receipts : 

Cash balance, March 29, 1890 $1,121 75 

Eeceived from dues Si, 957 13 

Eeceived from Publications 23 50 1,980 63 

83,10238 
Expenditures: 

For Publications and general expenses 82,347 89 
On atconnt of Montgomery Library 

J^'und 9 S4 82,357 73 

Cash balance in Bank, March 28, i8gi . , . 744 65 

S3.I02 38 

Funds : 

Alexander Montgomery Library Fund, cash 

balance iSi,59( 

Douohoe Comet Medal Fund, cash balance .... 537 35 

Cash m bank (General Fund) 744 65 

Total Cash on hand Si,S6: 

The Committee appointed to audit the Treasurer's accounts 
reported the Treiisurer's accounts as correct, and (lie report was 
accepted, and adopted and the Committee discharged. 
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The Committee on the Library reported that the library consists, 
at present, of 491 volumes, 431 of which belong to the Alexander 
Montgomery Library, and were purchased with the Alexander 
Mongomery Fund, and 60 volumes have been derived from other 
sources, by contribution and purchase. 

The cost of the Alexander Montgomery Library to date has 
been $1,017.24. 

The Eeport of the Committer on the Comet Medal was as 
follows : — 

The Comets of 1890 have been : 

Comet a, discovered by W. E. Brooks, Q-eneva, New York, 
March 19. 

Comet 6, discovered by J. Coggia, at Marseilles, July 18. 

Comet c, discovered by W. F. Denning, at Bristol, July 23. 

Comet d (D' Arrest's periodic comet), re-discovered by E. E. 
Barnard, at Mt. Hamilton, October 6. 

Comet e, discovered by T. Zona, at Palermo, November 15. 

Comet/, discovered by E. Spitaler, at Vienna, November 16. 

Medals have already been delivered to Messrs. Brooks, Coggia, 
Denning, Spitaler, and Zona. 

In November last, Mr. Barnard addressed a letter to the Com- 
mittee giving reasons why the medal should not be awarded for 
the discovery of periodic comets, especially as recent observations 
have made it at least possible that the brighter periodic comets 
may be followed throughout their whole orbits, and he signified 
his desire that the medal should not be awarded to him for the 
rediscovery of D' Arrest's comet, although the Committee was 
prepared to make the award. In some other respects also the 
rules were found to be cumbrous. They have accordingly been 
thoroughly revised and submitted to the founder, who has signified 
his acceptance of the changes, and in their revised form they were 
adopted by the Board of Directors on February 26, 1 891, and take 
effect from that date. Copies of the new rules have already been 
sent to the principal astronomical journals and to all our corre- 
sponding observatories and institutions. 

A Committee of seven members was appointed to make arrange- 
ments for an astronomical exhibit at the Columbian Exposition in 
Chicago. 

The following papers were announced : — 

a. " The Fireball in EaphaeFs Madonna di Foligno," by Prof. H. 
A. Newton. 

h, " On the Similarity of Certain Orbits in the Zone of Asteroids 
(2nd paper)/' by Prof. Kirkwood. 

c. "Astronomical Observations in 1890," by Torvald Kohl, 
Denmark. 

cL "Address of Eetiring President of the Society," by Prof. 
Holden. 

e, " A Few Hints to Beginners in Solar Observations," by Miss 
E. Brown. 
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/, " Lunar work for Amateurs," by Thomas G-wya Elger, 
P.K.A.S. 

j7. " The Total Solar Eclipse of Jauuary, 1S89," by ProE. H. 8. 
Pritt-iett. 

The President stated that the Society would have the pleasure 
of listening to some remarlcH froui the Earl o£ Kosse, who is now 
visiting this city, and who oocupied a seat on the platfi:riii with 
him. 

Lord Kosse Belect«d for the subject of his brief talk to the 
members the " Reflecting Telescope," of which clasa of instrumeuta 
the mammoth speculum at Birr Caatlo js at ouce the largest and the 
most famous. He expressed the liope that a good-siKed reflector 
may nt some time be added to the Lick Obsermtory equipment, 
in order that the merits of the two classes might ba favourably 
compared. He gave an interesting account of the mitnufactm'e o£ 
the " great reflector " which his father constructed through the aid 
of country mechanicians, eatii'ely unskilled in delicate workmanship. 
The miiTor was six feet in diameter, and the Hupportingtu.be so 
large that the tallest man could walk its entire leu^h. This 
instrument revealed new features in all the nebuiic, which we 
selected for its apecial field of work, since all the zooo objects 
HerBchol's catalogue were again examined. The views afforded of 
the nebular construction have been unexcelled to this day, but 
entire refitting of the mechanical parts would be necessary to meet 
the requirements of modem research, in order to relieve strain and 
keep unchanged the symmetrical figure of the speculum. 

Lord Boaae gave some account f h' a dies in determining 

the amount of heat radiated by h M n a qnantity which thu 
observers hod failed to detect b m n f fractors, for the rea- 
son, aa he explained, that the 1 b bed ver four-fifths of the 
heat-rays. In the liue of ai photography, also, the 
reflecting telescope, as is well k poss s the great advantage 
of bringing all the spectroscop i he same focus. 

The renowned Parsonatown astronomer was warmly recei 
and his modest atory listened to with interest. 

The Presidentread his annual address, showing that the Society 
starling with 40 members 2 years ago, now had a membership 
of 381 hfe and active members. Nearly half the members were non- 
resident, the Society being represented in 26 States of the Union 
and 19 foreign countries. 

After the regular meeting, the new Board of Directors met and 
elected the following officers lor the ensuing year : — 

Praiden.1 : W. M. Pierson. 

yie»-PrmdtiiU : Frank Soule, J. M. Schaeherle, E. J. IMolei'a. 

SterttarUg: Chas, Burckhalter, James E. Keeler. 

Treasure- : Y. E. Ziel. 

Committee on Publication -. Messrs. Holden, Kecler, Tale. 

Cttia. BtECKH-VLTfiB, Secretary. 
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The Astrophotoffraphic Chart. 

Those who were present at the recent meeting of the Permanent 
Committee for the execution of the Astrophotographic "Chart, or 
who have had an opportunity of reading the * Proces-verbaux * *, 
could not but be struck with the great earnestness of all concerned. 
The members assembled in Paris last Easter were of many different 
nationalities ; of different astronomical departments and reputa- 
tions ; and, as the discussions plainly showed, held very different 
views on several points of detail, and even on the general scope 
of the work. But one feature was common to all — a deep-felt 
anxiety that the best course should be chosen, and a determination 
that no effort should be spared to secure this selection. 

Whatever may be the result of the united endeavour to chart 
the Heavens as they are at the end of the nineteenth century, the 
scheme cannot be called ill-considered ; for men in the front rank 
of almost every department of Astronomy have contributed to the 
discussions, and occasionally pledged their professional reputations 
in favour of some amendment where their experience was at 
variance with the course proposed. So enthusiastic were the dis- 
sentients, and so unscientifically heated did they become, that they 
were on two occasions fain to adjourn the discussion in order to 
arrive at some compromise in a calmer atmosphere ; and while one 
cannot but wonder that there should have been such differences of 
opinion on questions so nearly allied to matters of fact, one must 
at the same time recognize the keen interest taken in the project ; 
and those of hopeful temperament will probably feel that so much 
energy must be richly productive. 

Over the actual decisions of the Committee, where they touched 
matters of principle, we cannot profess to rejoice. On two broad 
questions we should have taken the side, or rather we have already 
taken the side, which was only able to secure a compromise after 
a rather sharp conflict. We consider that the scope of the work 
has been illegally magnified, and a catalogue illegally substituted 
for a chart ; and the meaning of the word illegal is that the deci- 
sions of the Committee on these two points are, in our opinion, 
contrary to those of the real legislative body — the Congress of 
1887. The question of a Catalogue is one on which we have 
already spoken with some warmth and at some length ; and we 
cannot accept the decisions of the Committee as evidence that we 
misinterpreted the views of the Congress — simply because we 
still believe the Congress would condemn those decisions. The 
Committee is largely composed of those who have hitherto been 
professionally engaged in making Catalogues, and who may thus 
naturally have a prejudiced view of their importance, while the 
Congress gained in bread' h of view by the association of men 

* For a general account of the Meeting see the remarks of the ABtronomer 
Boyal on p. 172. 
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from other departments o£ Astronomr, and. even other branches 
of Boience. On the other hand,it is curious that the Conjiaitt^e of 
experts should he the hody to enlarge the scope of the work ; anil 
that practical asfcronomera should draw from a pbyaiciar (for we 
may so style M. Cornu without iu any way disparaging his great 
services to Astronomy) the remark — " Co qui me preoceupe surtout 
c'est de voir la tendance qui hb manit'este dans la Conference k 
Touloir toujours augmenter un travail dej^ si considerahle en lui- 
mfinie" (Proces-verb. p, 51). We would respectfully associate our- 
aelvea with M. Cornu in his anxiety. We feel the same trepidation 
as would probably thrill the friends of a chessplayer who was to 
meet an antagonist of unknown powers, aud who insisted ou 
playing blindfold; or of a strong man who was to lift a weight of 
unknown specific gravity, and who himself revised the programme 
by quadrupling the weight. If anyone thinks these metaphors 
exaggerated, let him compare the present programme with that of 
the Congress of 1887. It was then determined to make a cliartof 
the Heavens by taking photographs of 15 to 20 minutes exposure. 
Sy successive interpretations aad additions this has now come 
to mean photographing the hoavens six, possibly eight, times over, 
vrith a total exposure of about 90 minutes, or perhaps i to for any 
one star. The figures are necessarily provisional owing to recent 
decisions of the Committee ; hut we are certainly underestimating 
the desires of several members in reckoning 2 exposures of 2 
minutes and 4 respectively for each aeries of Catalogue plates : 
40 minutes for the first Chart series (as already decided) ; and at 
least another 40 minutes for the second, if not three exposures of 
20 minutes each. And this is only the compromise, — -the conces- 
sion wrung with some hard fighting from the more ardent spirits ! 
It is difficult w say what proportions the undertaking would by 
this time have assumed if some members of the Committee had 
not been duly impressed with the danger of attempting too much. 
To these we feel deeply grateful ; and we hope that their deter- 
mination in dischai^ng a somewhat ungracious duty may be re- 
warded by a more authoritative tribute of approval. Their task 
was not an easy one : they were tempted by proposals from the 
opposition, speciously disguised so aa to look very like their own. 
Would it not be better, they were asked, to start with a simple 
programme and take the Catalogue plates first ? The simple 
programme is an attractive bait; but fortunately there were those 
who were quite determined that to make a Catalogue in the pre- 
sent and leave the Chart to a more or less indefinite future was 
precisely what they were not going to do. We greatly regret 
that here again numbers were so far against them that they were 
only able to obtain a compromise, and were fain to he content 
with the following resolution ; — " Les tra,vaux d^cid^s par le 
Congr^B de 1887, comprenant deux series de cliches faites avec 
des poses differentea, le Comite permanent tout en recommendant 
aui obseirateurs de pousser avec la plus grand activito possible 

VOL. 51V, O 
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I'ex^catioa A.va cliches de In deuxieme catcgorle (cliches destines i I 
la eoDBtruction d'un Catalogue) est d'avia qu'on "devra aussi pro7 I 
fiter du plus grand nombre possible de belles soirees pour faira deq T 
cliches ik longue pose de la premiore aerie." 

So the Catalogue is to be pushed forward and the poor Chart 
only toierated ; and the primary exposure ior the Catalogue plates 
ia defined as twice the length of the secondary, instead of the 
aet'ondary being defined as a. quarter that of the primary ; and the 
time of exposure for the Chart should apparently, in tJie opinion 
of some raembera of the Committee, he decided by the requisites oE 
its paper copies ; and subaidiary things generally are to ba put 
into the important place. 

It is bewildering, and not a little distresairig. The difference 
between a Chart, an autographic representation of the stars aB 
they exist at a certain time, forming a groundwork for invesli- 
gfttion, any portion of which inay be selected for a special re-, 
search, and measured with an acc.;ra<;y suitable for the particular 
purpose, or comjiared with the heavens or a similar repreaentation 
at a future time; and a Catalogue, an investigation in itaelE, 
which already bears the impress of selection iij the number oc 
magnitude of stars recorded, or in the precautions taken in 
measuring thetn, and moreover of an indiscriminate selection ii^ 
that beyond a certain point all stars are treated similarly — thi- 
diSerence between these two things is, to our minds, so clear that 
we are puzzled and distressed when we find the latter being 
shuffled into the place properly belonging to the former. 

And 'here we are speaking of a Catalogue such as is ad vocate4 
by more than one person, as an end in itself — more important, oe 
at least of greater urgency, than the Chart. The Catalogue of 
Eeference Stars voted by the Congress of 1887 was a different 
thing, merely a collection of pegs to peg down the separate leaves 
of the Chart in their proper plaice, whose ui-gency was, therefore, 
strictly determined by that of the Chart, to \v-hich it was sub- 
sidiary. Admiral Mouchez, in his opening address, now speaks 
of " le r^sultat utile et pratique d'un Catalogue iusqu'il la 1 1* 
grandeur auquel beaucoup d'astronomes attachent la plus haute 
importance," and says of the Chart, " elle n'a pas la memo urgency 
que le Catalogue" (Proc.-verb. p. 6). Had he kept in view the 
original reason for the Catalogue it is difficult to understand how 
he could have advocated determining the places of the " Etoilea da 
repere " at a different epoch from that oE the Chart, of which they 
are to be the fundamental points. It is too much like making tba 
fittings before the house is built, because it ia of such importance 
that they shall fit nicely. But once the importance of the Cata- 
logue in itself is admitted, Admiral Mouchez is of course quitc^ 
right in urging its execution ; for the photography is relatively 
easy, and the measiii-oment and reduction will take a long time. 
We can only regret that this view is advocated so strongly. In 
our view such a Catalogue is a. mere liumoD^ reproduction of a 
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Chart, and stands condemned in the worda of M. Coma (Proc- 
verb. p. 44) about other projects for reproduction : " Nous n'nvons 
le droit do faire usage d'aucune methodo qui ne reposerait 
pas Bur Teiaploi de la lumiere, et ia lumiore doit ^r aeule, — il na 
doit y avoir aueune intervention de la iniiin humaine. Cela serait 
coutraire au uaraetere de notre eutrepriae," 

To return for a monient to the (lueation of exposure. The most 
remarkablo occurrence of the meeting was perhaps the extra- 
ordinary paper read by Dr. Seheiner on the connection of magnitude 
and exposure. At the eleventh hour ho gravely announced that 
one of the fundamental principles of the wort was quite wrong, 
and that an exposure of a^ tiuiea the duration was only I'quivalfnt 
to about a half inatead of a whole magnitude. We are very sorry 
for Dr. Seheiner ; he no doubt believed in his results, and bravely 
tindortook the duty of giving the proper warning. His reputation 
and the admirable way in which he stated his case gave his words 
a weight which they could not othermae have acqturecl, and made 
an obvious impreaaiou on the Committee which had some unfor- 
tunate reaulta. For we need hardly say that we cannot accfpt his 
jiacta. There must be some mistake, of what kind it is impossible 
to say with certainty ; but we may surmise that tlie weighty words 
of Capt. Abney may be applicable to this ease, •nt. : " beaucoup 
de plaques exnmiui^es jusqu'fl present ont ^te pltis on moinsvoilees 
par I'actiou de la lumiore diffuse, at ce fait eat une des cauaes qui 
expliquent qu'on nit trouve des formulea differentes poor lea 
gmndcura" (Proc.-verb. p. 23). The evidence ^!;ainst Dr. Seheiner 
is overwhelming. It was already so strong at the time of the 1887 
Congress that the Brothers Henry referred to it in general terma, 
without considering it nei-essary to give details. 

In the ' Ptoc^s-verbaui,' p. 38, we read ; — "M. Paul Henry fait 
connaitre le rdsultat obteuu sous ce rapport (sur la dun^ de pose 
n^asaire, etc.) en se servant de I'equatorial de o'°'33 d'ouverture. 

V II fnut en moyenne une duree d'environ quinze minutes pour 
obtenir h, peu pr^a les ^toiies de 14° grandeur. 

" On sait d'ailleurs que, pour passer d'une grandeur ik la suivante, 
on doit multiplier le temps de pose par 2*5 environ," 

On these facta the resolutions of the Congress wore based; 
and since that time evidence in confirmatiou of them has accumu- 
lated, while little or nothing haa been authoritatively urged on the 
other side. That Dr. Seheiner was heard with such respect, and his 
words allowed to influence the resolutions as far aa they did, is 
probably the grtjatest compliment the Potsdam Observatory will 
ever receive. Aa a result of his remarks the first exposure for the 
Chart plates is to be 40 minules instead of the 15 auggest«d by 
M. Paul Henry in 1887 ; and some otherwise infereating but not 
immediately pressing experiments with screens are to be added to 
tha programme, which will delay the commencement of the work 
several months. 

In concloHion, we are glad to litru to some of the thoroughly 
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satisfactory features of the meeting. Admiral Mouchez had the 
pleasure of reporting lo the Committee several substantial acts of 
fiberality and generosity. The promptitude with which M. Bischoff- 
sheim responded to the appeal for funds to make a parallactic 
micrometer has been already recorded with gratitude ; and at this, 
the final meeting of the Committee before entering on the work 
of execution, the President rightly recalled to its memory the 
graceful action by which the French Academy undertook the pub- 
lication of the ' Proces-verbaux ' and * Bulletin.' It is very pleasant 
to hear that M. Biver, Director of the Saint-Grobain Cristallerie, 
not only guarantees perfect plate-glass for the negatives, but 
oflPers them for the simple cost of production ; and that the house 
of Lumiere in Lyons similarly offei's not to make a commercial 
question of the conversion into photographic plates. We may 
perhaps add an instance of a slightly different character from the 
report of Father Denza on the Vatican Observatory, founded prin- 
cipally for celestial photography. He says (Proc.-verb. p. ii) : — 
" Nous sommes autorises par le Saint Pere a faire tout ce qui sera 
possible et necessaire pour mener a bonne fin Tentreprise." 

This shows a spirit of determination to get the best possible 
result, which we have already remarked is characteristic, and we 
sincerely congratulate Admiral Mouchez and all the original pro- 
motors of the scheme on the great enthusiasm they have evoked, 
of which even the opposition he has received from ourselves and 
from others of greater authority and importance is, if rightly inter- 
preted, only one phase. 

Any notice of this meeting would, be incomplete without a 
reference to the services of two gentlemen whose names we were 
glad to see added by acclamation to the Committee on Reproduction 
— M. Cornu and Capt. Abney. Ko one can read the * Proces-ver- 
baux 'without being struck wilh the importance and efficacy of 
their remarks. We have already quoted M. Cornu twice, and we 
might have added other words of wisdom with advantage. Capt. 
Abney placed his experience as a photographer unreservedly at the 
disposal of the Committee, who have to thank him for guidance on 
more than one difficult question. Editobs. 



Notes on Visits to some American Observatories, — ^11. 

[Continued from p. 156.] 

We found Washington in a state of Christmas festivity ; the snow- 
storm, which hurried us out of Virginia, had sprinkled enough 
snow on the streets and surrounding roads to bring out all the 
sleighs in the neighbourhood, and it was as much as one's life was 
worth to attempt to cross Pennsylvania Avenue on foot in the 
afternoon or evening. Pleasure and swiftness in sleighing seem 
to be connected by a logarithmic relation, and the magoitudd of asi 
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additive constant is such as to lead to remarkable ingenuity in the 
device of sleighs. Some interesting questions in stability have 
thereby been solved practically : it gives one, for instance, new- 
ideas of a rocking-chair to see it gliding with lightning speed after 
a horse. 

The surroundings of' the Washington Observatory are in very 
marked contrast to those of the Lick. At Mount Hamilton, how- 
ever great the actual achievements in work are, the predominant 
feeling that must arise in the mind of a visitor accustomed to 
ordinary sites is one of elation and enthusiasm in the thought of 
the opportunities. At Washington, there can be no doubt, -one is 
pidmarily impressed with the admiration for the work achieved 
Under what may outspokenly be described as unfavourable condi- 
tions. The Potomac is unkind to the astronomers, and all look 
forward to the removal to the fine site on high ground above 
C3-eorgetown. There the instruments will be above the lower 
laying mists which now cause trouble in observing, and the ardour 
of the workers will not be deadened by suspicions of malarious 
laickness. 

Prof. Hall kindly devoted considerable time to showing me all 

<3etails of the Observatory, and especially the 26", and allowed me 

~fco spend part of a wonderfully good observing evening with him 

iookang through the 26". There is that certain air of homeliness 

^^bout the general appointments of the 26" that betokens solid 

^^^orking. The sail-cloth that serves as shutter to the dome, the 

simple observing-chair, the well-worn look of the micrometer 

always attached to the telescope, the general appearance of the 

^lock in the stone pillar supporting the telescope — everything 

joints to an evident intention to get immediate and constant 

^returns in results. The mounting itself cannot fail to strike one 

3i,s astonishingly light ; it is, I suppose, as a matter of fact, too 

Hight. The counterpoise, intended to relieve the declination axis 

of strain, can easily be set in vibration in such a way as must cause 

inconvenience, if nothing worse, in observation. It takes a very 

appreciable time for the instrument to come to rest after being 

shaken. 

Prof. Hall is busily completing his observations on double stars 
far his catalogue, and continues his observations of satellites. 

Prof. Harkness is engaged upon a gigantic piece of computation, 
and has nearly completed it. He has proposed to himself to attack 
the problem of deducing from the enormous accumtdation of obser- 
vations, which have been made by various observers for special 
ends, values of certain constants connected with the determination 
of the solar parallax. What one may call fundamental constants 
'in the solar system appear in every astronomical determination, 
some of them in their own right, so to speak, others by implication 
in quantities got by observation. Prof. Harkness's wish is, to extract 
from all such observations as are to hand values for the constants 
impUed in them, and so to get values which represent really our 
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present knowledge. It is a colossal problem to undertake ; but so 
much way has been made that part of the calculations are in print. 

Prof. Paul is continuing observations on the shortest-period 
variable known (S Antlige, period 7 hours odd). 

The grounds of the new site cover 70 acres, and have a circular 
boundary. The buildings are to be ready by this summer ; but it 
is expected that the move can hardly be complete before next 
spring. Congress was to be asked to appropriate $295,000, required 
in abandoning the old and equipping the new Observatory. Many 
new instruments are contemplated, notably a 13" photographic 
telescope, a 7" heliometer (the only other heliometer in the States 
is that at Yale), a 6" transit-circle, and provision is made for a 12" 
equatorial. The 26" will have a new mounting by Warner and 
Swasey, of Cleveland, who are doing so much of this kind of work. 
It is proposed to have a movable floor of Grubb's device : it seems 
questionable whether this is worth the trouble and expense in a 
40-foot dome, unless the 26" is to be used much in photographic 
and spectroscopic work. The new dome is to be made oiF steel, 
mounted on stone upright walls ; it interested me much to learn 
that everyone regrets that the upright wall, which is already built, 
is not to be of steel. Two considerations led my father to choose 
iron as the material for both the walls and the dome now being set 
up at Cambridge — one was portability, the other was equalization 
of temperatures. At Washington the evident feeling is that the 
latter is a most important one, and is reaUzed best by steel build- 
ing. And as bearing on the former, it is of interest to note that 
the peripatetic Observatory emanating from Harvard College, and 
now under the direction of Prof. W. H. Pickering in Peru, is pro- 
vided with buildings made with wood and covered with paper — an 
arrangement which has been found very satisfactory for such work. 

On the pleasant memories of two days spent at Baltimore after 
leaving Washington on New Year's eve, I must not here dilate, 
even to tell of a visit paid to Prof. Eowland. The machine for 
ruling diffraction gratings compels reverence as the most peaceful 
machine ever made, not to mention any of its physical excellences. 
From Baltimore we went on to Philadelphia, and spent a Sunday 
there visiting friends, and thence to Boston, passing by night 
through New York. The whole train was transferred on a ferry 
boat across the Hudson, which was filled with blocks of ice and 
snow : these seemed to cause wonderfully little inconvenience to 
the ferry. Thus we passed up the East Eiver, with a most impres- 
sive scene around us. Brooklyn Bridge overhead, with the rising 
curve sketched out by the lamps upon it and by the lighted cable- 
cars creeping along backwards and for\^ards, and the dark sil- 
houette of the city on the left, looming mysteriously against the 
sky, without a hint of the unsightliness of many of the tall build- 
ings with bare side walls waiting for neighbours to rear themselves 
beside them. 

At Boston we spent ten days, and met with kindness on all sides 
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that we are not likely to forget. Of the many points of interest 
which Prof. Pickering bnd to show, I must needs pick out only one 
or two. The general feature of the Obaervotory o£ Harvard Col- 
lege which distinguiafieB it in the mind of the yiBitor, is perfect 
organization to attain (.-ertsiu apecified ends on an immense scale. 
One has a. sense of there being n great army there, marching on, 
conquering vast tracts ; now and then a cohort, may be told off to 
rest upon some special spot and there to gather their spoil, and 
then follow on, ready to join in the general advance. The com- 
mander-in-chief himself gathers might from might, and realizes 
without consternation that his army is dealing with extension in 
three dimensions, the field for investigation ia increasing with the 
square, and the mass of information to be collected with the cube 
of the radial extension. One gets some idea of the activity at 
Harvard, when one iearos that 9000 photographs have come into 
the Observatory during the last year. In his last report, Prof. 
Pickering points out in solemn terms the danger to which the 
plates, of which there are now more than 27,000 in the Observa- 
tory, are exposed from the possibility both of fire and of the giving 
■way of floors, which were not speciiJIy constructed to carry heavy 
loads, under the weight of the plates. 

The photographic doublet is much favoured at Harvard on 
account of the extent of field. The 8-inch fiache telescope ia of 
this nature ; it is provided in front with large prisms of aperture 
not leas than that of the objective. It is with thia arrangement 
that the general material for the Draper Catalogue of Stellar 
Spectra liafl been collected, and so serviceable has it proved that 
when the Bache telescope was sent away to collect further mate- 
rial in P«ru, Mrs. Draper decided to provide a duplicate, and this 
is now in constant use at Harvard. It was a very great pleasure 
to meet Mrs. Draper at Harvard, and again to enjoy her friendly 
hospitality on the eve of our departure from New York. 

Each plate taken with these instruments includes a region of 10 
degrees square, and often shows as many aw 300 spectra distinct 
enough to be measured. A 24" doublet with prism in front ia to 
be made to extend the «'ork to fainter spectra on the wholesale 
method. Miss Bruce of New York, of whose keen interest in 
astronomical progress so many astronomers all over the world have 
lately such lasting proof, ia the donor. Messrs. Clark have already 
received the glass for the prism, and a very perfect piece of glass 
if. appears, as it lies in their workshop, about 3 inches thick, and 
almost completely free from blemish. The discs for the doublet 
have not yet arrived. 

The Draper Catalogue of Stellar Spectra is already printed and 
forms volume sxvii. of the Annals of the Harvard l5ollege Obser- 
vatory. It is a volume of 38S pages, of which 105 p^es are 
devoted to the nctual Draper Catalogue, the rest containing details 
of measurement and notes of further information which has not 
been condeusible into a sir^gle letter. For any one star, the entry 
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consists of half a line in a quarto page. Three columns give tiie 
reference numbers in the Draper Catalogue (D.C.), the Durchtnus- 
terung (D.M.), and the Harvard Photometry (H.P.), the numerical 
order in the D.C. being decided by B.A. in 1900; two columns 
give E.A. and Declination 1900. Another column gives the 
number of plates on which measurements have been made for that 
particular spectrum. The sixth column contains a letter designa- 
ting the class of spectrum ; the seventh gives the mean of the 
photographic magnitudes, and the last column gives difference 
between this mean and those in the D.M., the Argentine General 
Catalogue, and in the Harvard Photometry, the quantity measured 
in each case in the D.C. being the intensity of the spectrum about 
the g line. 

The ordinary classification was too broad to meet all cases, and 
hence the spectra have been classed under letters A, B . . • Q 
arbitrarily assigned, and these arbitrary classes may easily be 
translated into any system. Photographs of typical spectra are 
given in the frontispiece. 

A second table of details of measurement follows the catalogue ; 
in it each line of entry contains (i) the D.C. number of the star, 
(ii) the reference number of the actual plates on which the spectnun 
appears, (iii) the observed brightness on each plate, (iv) residuals, 
(v) the end of the blue designated by Fraunhofer or special letters, 
(vi) a letter describing the nature of further information to be 
found in remarks contained in about 100 pages at the end of 
the volume. 

Table III. is a catalogue of photometric residuals exceeding '09. 

Table IV. is an index to letters employed by Bayer. 

Table V. is a summary of stars in the Draper Catalogue. 

Of volume xxvi. of the Annals only part is printed; when com- 
pleted it will form a volume of which the Draper Catalogue volume 
may be regarded as the tables, and will contain a description of 
the formation of the tables and of the work done with the Bache 
telescope, and a discussion of that work. 

Photographic charts showing all stars to the 12th magnitude 
have been obtained, and thus it is possible at once to verify varia- 
bility, which subject has become one of great interest in connection 
with the spectrum work, inasmuch as "the hydrogen lines are 
shown to be bright in thirty variable stars of long period," which 
*' peculiarity of the variable stars furnishes a means of discovering" 
them." H. P. Nbwall. 

[To be continued.] 



The ^ Capture ' of Periodic Comets^. 

The orbits of the short-period comets present so many points of 
resemblance that it has been suggested, on grounds of more or 

* Etude sur la th^orie dee com^tes p^riodiqueSi par M. O. Callandreau. 
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less probability, that some comroon origir, or at least some coinrooa 
cause, has operated to gire to the orbita those Bpecial features by 
which they are characteriKed. These features include direct 
motion in the orbit, which is but little inclined to the plane of the 
ecliptic ; the coincidence of the aphelion distance with the mean 
distance of Jupiter, and at one of the nodes there has usually been 
at no very distant date a close approach to the planet itself. It 
is very easy to suggest from these facts that the action of Jupiter 
has converted an orbit which was onginally of a parabolic type 
into one that is eUiptic. Such an obvious suggestion, however, is 
not without itfl difGcuIties. If we supjjose a comet, moving with 
the velocity necessary to produce parabolic motion, to approach a 
disturbing planet, one of two things must happen : etrher the 
velocity is diminished, in which case an ellipse results (and this is 
the only condition with which our experience has made us familiar), 
or the velocity is increased, and the comet moves along a branch 
of a hyperbola. Since either event is primA fade equally pro- 
bable, why is it that we have no instance of a hvperbolic comet 
approaching the Sun, after having been in collision with the 
apbere and activity of Jupiter'? Apparently we ought to have 
seen as many instances of hyperbolic as of elliptic motion. 

Dhere is, too, another difficulty for which it has not been easy 
to offer an adequate eiplanation. This difficulty arises from the 
comparatively small area of the sphere over which Jupiter may be 
considered to have sway. The radius (p) of this sphere is for any 
planet 

where r and m are respectively the radius-vector and mass of the 
planet. In the case of Jupiter, p is approximately -^. But the 
theoretical probability that a comet encounters this sphere is of 
the order p' or -^ J(, ; and therefore of 400 comets which have passed 
the orbit of Jupiter, one only should exhibit elliptic motion from 
this cause. But there are some twenty comets which have been 
proved to move in ellipses of short period. 

Eecently a very thorough examiuation of the problems arising 
from the approach of a comet to Jupit«r has been undertaken by 
a most competent authority. In the 'Bulletin Astronomique,' 
Tol. vi., M. Tisserand has indicated a method of dealing with the 
question, and has deduced some interesting results, more par- 
ticularly depending upon the eccentricity and mean distance. 
This problem has been still further elaborated by M. Callandrean, 
who, besides reproducing much of M. Tisseraad's work in an ex- 
tended form, takes into consideration the other elements of the 
orbit, and in some particulars gives us the means of comparing 
the theory with observed facts. M. Callandreau has shown the 
conditions under which an ellipse with direct motion may result 
from contact with the sphere of activity of Jupiter, and it appears 
rt>*t the character and direction of the motion of the comet, after 
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passing away from the neighbourhood of Jupiter, depend on the 
angle at which the comet entered that sphere. For instance, if, 
following M. Callandreau, we describe as the apex that point at 
which the tangent to the orbit of Jupiter meets that sphere, 
measured in the direction of the planet's motion, then* elliptic 
orbits with direct motion result from a parabolic comet encoun" 
tering the sphere near that point. On the other hand, hyperbolas 
with direct motion are produced by the original parabolic comet 
entering on the opposite side or antiapex of the sphere, while 
ellipses with retrograde, and hyperbolas with direct motion follow 
from contact with the sphere at angles 90° distant from either of 
these points. M. Callandreau, availing himself of the ' Catalogue 
of Cometary Orbits,' drawn up by M. 8chulhof, compares hia 
theory with observation, and he finds that, with the single excep- 
tion of Encke's comet, the twenty known orbits of short period 
can be explained by supposing them to be produced by parabolic 
comets moving towards the apex, and having a perihelion distance 

comprised within the limits of r and -. 

The anomaly presented by the case of Encke's comet can be 
explained by supposing an approach to one of the planets inferior 
to Jupiter and undergoing additional perturbation*. The part 
played by the inferior planets in modifying the motion of comets 
may be considerable and yet avoid detection. M. Callandreau 
favours the plausible hypothesis, and one that does not contradict 
the latest spectroscopic investigation, by supposing these planets to 
act in their respective spheres of activity in the same way that 
Jupiter acts, though within an area more restricted on account of 
the smallness of their masses. They would thus give rise to a - 
numerous class of elliptic comets of very short period, which could 
furnish not only an explanation of the zodiacal light, but would 
supply a medium of a certain resistance, which the observed 
irregularities in the motion of Encke's comet appear to demand. 

A further test to which the capture theory may be submitted is 
the determination of the limits between which the eccentricity of 
an orbit of a cumet having a given time of revolution must lie. 
This test cannot, however, be applied rigorously, but the result of 
its application is as follows : — Taking the sixteen comets whose 
inclinations are less than fourteen degrees, it is found that eight 
satisfy the test, having eccentricities within the computed limits, 
while the remainder, though discordant, do not pronounce deci- 
sively against the theory. The uncertainty in the criterion arises 
from the fact that we may have to deal with an ellipse of long 

* In a couTersation which the writer recently bad with M. Callandreau he 
suggested that the introduction of Encke's comet into the Solar system was due 
to the action of Mercury. Though M. Callandreau declined to express any 
definite opinion, and treated the question with the greatest reserve, he was 
understood to distinctly favour the suggestion. A further proposal that 
Halley's comet might have received its present form from perturbations 'of the 
Earth was not received with the same favour. 
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period, reduced by perturbation to b shorter, wiiBreas ihe tbeory 
la its rigour deals simply with a puriibola. And here it should be 
remarked that the theory does not require that the c-apture should 
be effeeted at a single approaoli. It is shown that tlie netiou of 
Jupit*r can gradually prepare the way for final capture by diminu- 
tion of the period at euccesaii'e retumB. The eifett of the un- 
certaijity of this criterion on the comjiuted eccentricity of an 
orbit, when the axis major is not infinite, is illustrated by Broolis'a 
Comet of 1889, which with a mean distance of 3-67 ou(!;ht to ha.\e 
an eccentricity greater than o'S4, supposing the change irom para- 
bolic motion to haye been eSected at one effort. The observed 
eceent^ricity is, however, 0^47 ; but such a value would have resulted 
if Jupiter perturbed, not a parabola, but an ellipse, whose semi- 
axis uiajur was about 100, tliat is u'hose period was about looo 
years. It is true that, judging from some modern iuatnuces, the 
life of a periodic comet cannot be indefinitely extended, and there- 
fore the long periods of time necessary to produce encounters 
between Jupiter and the comet seem to tell against the hypothesis, 
IBut it is not probable that, remote from Solar actiiity, there is the 
same tendency to disinlegration or disappearance that has been 
obaerved in such comets as Biela or JDo Vice. 

The discussion of the perihelion distance and of the position of 
*he line of apsides yields still further support to the c-aptura hyjio- 
■thesia- A satisfactory explanation is afforded of the observed 
coincidences of the aphelion of the comet with the orbit of Jupiter, 
\>y the demonstration of the fact that the line ot apsides makes an 
acute angle with the radius-vector drawn through the point of 
closest approach. This law obtains throughout the table ot orbits 
referred to, while in thirteen out of twenty cases the coincidence 
is almost exact. With regard to the perihehon distance, since in 
the original parabolic orbit the least dislance varied from r to 

-, i. e. from 2'6o to 5- so, it is evident that a very considerable 
diminution must ha\'e resulted from perturbation, and M. Callan- 
dreau shows that in the case of comets wiih dirett motion the 
perihelion distances are necessarily diminished, and thus brought 
within the range of observation ; while comets with retrogriide 
motion are removed still further from the Sun, and therefore 
necessarily escape detection. 

The fact that the influence of Jupiter has not produced in- 
stances of hyperbolic motion is also examined analytically with a 
satisfactory result. The conclusion is that hyperbolic comets 
elude observation, either liecause the perihelion distance is large, 
beyond the orbit of Mars, or because a, comet once captured does 
not approach perihelion, but travels along Ihe hyperbola to an 
infinite distance. 

The effect of the investigation of MM. Tiaserand and Callandreao, 
conducted with consummate ability. Las been to remove much ihat 
was I'flgue and unsatisfactory, and to bring the cajjture theory 
niihiu the i-nnge of great probability. ">V. E. I'lummeii, 
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Variations in Nebula, 

In observations of nebulae great differences are induced by atmo- 
spheric variations. Last autumn I frequently looked at a smaU, 
round nebulosity which 1 had discovered in R.A. 8*^ 34™, Dec. 
85° 54' jN". On certain nights it was quite plain with a power of 
60 on my 10- in. reflector, on others I could barely glimpse the 
object. 1 felt inclined to believe that real variations occurred in 
the inherent light of the nebula, but further observation proved 
the changes were due to the varying transparency of the atmo- 
sphere. Another small nebula with a nucleus was examined 
on different evenings, and it is remarkable that on some nights I 
recorded it as having a stellar nucleus, while on others it appeared 
to have aa ill-defined central condensation. Its brightness appa- 
rently fluctuated as well. But I ascertained that these alterations 
were also due to the varying condition of the air. Bad definition 
gave the nucleus a woolly, diluted appearance, and the visibility of 
the nebula varied with the opacity of the atmosphere. 

Fog, haze, smoke, and wind exercise a most perceptible in- 
fluence on faint, delicate objects. When planetary definition is 
good the details of a nebula are usually distinct if the sky is dark 
and no fog or thin cloud is near. There is a prevalent idea that 
large aperture rather than good definition is required for small 
comets and nebulae, but for the perception of minute features the 
latter quality is most important. Comparatively small telescopes of 
high excellence vnll do wonders (as D'Arrest showed) on nebulae, 
and will exhibit detail and faint objects that are ordinarily con- 
sidered beyond their reach. With a small aperture the field of 
view is relatively darker than in a large one, and the disparity 
of size certainly does not give the larger instrument a com- 
mensurate superiority of power. 

It heis been alleged that the nucleus of the great nebula in. 
Andromeda undergoes some striking variations in its physical 
character. These variations have been noted by means of photo— 
grapliy as well as by the direct evidence of the telescope. 
Apparent changes undoubtedly occur, but it is by no means cer- 
tain that actual changes are constantly affecting the nucleus. 
The variations appear to be of a fugitive, alternating character, 
and are very likely to have their sole origin in atmospheric dis- 
turbances. An observer who often examines this fine object will 
be sure to remark differences in its appearance ; but when he re- 
cords the varying state of the atmosphere, as affecting definition, 
as well, he will pretty certainly find that the former are closely 
associated with the latter. 

Descriptions of nebulae by various observers are seldom in 
harmony, because the seeing at the times of their several observa- 
tions was not equally good. A pretty bright nebula seen in a bad 
sky is liable to be considered faint. There is a nebula (N..G.C. 
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601 s') 4.^ W. of ri Draconis which Sir W. Herschel described as 
" very faint," while D' Arrest called it « bright." N.Q.C. 1469, 
near y Camelopardi, was discovered by Swift and described as 
" very faint ; " but I picked it up on a very clear night in Nov. 
1890 and thought it pretiy bright, as it was fairly conspicuous 
with a power of 60. Other discrepancies in the notes of observers 
DMglit be alluded to. Dreyer says Hind's nebula (N.G.C. 6760), 
4° W. of y AquilsB, " was suspected of variability, because it was 
refound by D' Arrest in May 1852 and called a lirst-class nebula, 
and subsequently ' pretty faint ' and ' diluted,' while Auwers found 
it once * pretty bright,' another time of the second class at most. 
There is, however, no reason for thinking it variable. It has little 
or no condensation, which probably makes its appearance more 
depending on the state of the atmosphere than would otherwise 
be the case." I swept up this nebula on Sept. 9, 1890, and called 
1^ " pretty bright, pretty large, brighter in the middle." In this 
^^d in many additional cases inconsistency in the records, instead 
of implying physical change in the objects, point rather to atmo- 
spheric variations, which are fully capable of introducing the 
discordances observed. 

^l^hose who have spent entire nights in celestial observation 
^11 often have noticed rapid changes in the condition of the 
*tnaosphere. It is seldoai the air remains equable for a long 
period. Two nights are rarely alike, and though mere eye- 
observation detects little difference, telescopic power will often 
f^veal great change. The opacity and pureness of the air vary 
j^rt>ra hour to hour. Some nights are unusually dark for several 
jJ^Urs, the stars are very lucid and sparkling, and faint objects 
'^/^^ome intrusive. At other times the air is comparatively light, 
*^Ugh there is no moon, twilight, or aurora of ordinary kind. The 
^*^ple sky is occasionally suffused with a gauze of whitish material, 
^^riously interfering with observation of faint objects. This is 
J^'^^times remarked as a striking feature. When watching the 
"^fQeids on several following nights in August 1880, the firma- 
^^J^t glowed with a light that seemed stronger than the twilight 
^^ ^ixiidsummer, but with this distinction, that in the former case 
t'he ^hole sky appeared equally affected. The transition from a 
T^t^lc to a light sky is sometimes quickly produced, and it is rarely 
*^^t ^^® ^^^ maintains a similar degree of transparency during an 
^^ttre night. These changes are not caused by fog or mere sur- 
^^^ phenomena, but are rather due to conditions affecting the 
^Pl><ir limits of the atmosphere. I mention the circumstance as 
^^^ bearing on the visibility of faint objects, which depends in 
^^^^t measure on the darkness of the sky contiguous to them. 

*" istol, 1891, April 13. W. E. DeNNING. 
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SeUnographical Notes. 
BABnow, W, C. Bond, &c.— Tlie borders of both these wallec 

filtiins exhibit that curious tendency to parallelism of which northers 
unnr latitudes afford so many esamplee, thoagh in the case ot 
Barrow it is far less marked than in that of its much larger neigh- 
bour, W. C. Bond, which, being wholly bounded by nearly Btraight 
walk, has the appearance of a vast rhumhoidal enclosure. It ii 
BBpecially noteworthy soon after sunrise, both for the beauty ant 
variety of its shiidow-phenomena and the peculiar character a: 
tone of the floor, then dioplayi^d to the best advantage. The mc 
suitable time for observing these features is when the western side 
of the large bright ring-plain Timteus is on the morning terminator. 
I'liis is also the best phase for examining the *b\\ and other char- 
roiiteristie details of Barrow which render it a very interesting 
object under a low morning Sua. 

Neison describes Burrow as a "nearly squarei-sliaped walled- 
plain with moderately high waJla," whu b, a"cordnig to him, rise to 
9419 feet on the erwl;, and at the peak (i on thti west to a height 
of 7910 feet ; hnt it is really a five-sided formation with long and 
nearly parallel borders on the north and south (the latter ter- 
minating on the east at the western side of the deep crater 
Barrow a) ; two equally straight but much sborfer borders on the 
west, which, failing t« meet, leave a notable gap iu the wall ; and 
a fifth seution, ftlao short but very broad, running from the eastern 
end of the northern straight border up to the northern side of 
Barrow n, thus completing Ihe circnmvallation. The continuity of 
the southern border is broken by one large depression B (Keison, 
Map VI.) and by other irregularities. On January 17, 6* to 7*, 
I noted a very bright little crater on the summit of this wall some 
distance east of B, which, strange to say (as it is a very easy 
object), is not shown by Schmidt or others. Between this and 
Barrow a the wall is perfectly straight and exhibits no detail wliat- 
ever. The existence of the wide gap in the western border is 
benutifully manifested at sunrise, when the wedge-shaped strip o£ 
illuminuteil floor due to the opening is interposed between the 
bUi'k shadows of the wait on eillier side of it, which cover tlie 
remainder of the interior. As sunrise advances, a fine view is 
obtained of the shadow of the lofty peak ^ on the southern siite 
of tiif gmp, wliich at 6" 30" on the above date extended to the 
toot of the north-u-eslern \vall of Barrow a. The mountains on 
tho northern side of the opening must, however, be fully as high, 
U the )))«M of shadow due to them equalled that of ,1 in length. 

Ou the north-«»st aid? of Bturruw, abutting on the wall but not 
pf>n«tratii^ it. is a very intcr^ting example of a deep narrow ritl- 
valley. It runs for sonie di^itanee in a iiortli-eastpriy direction, 
wut ultimately runee roitpenthcally round the fixX of the slope of 
Um north wall of tJoldschmidl. ^hmidt alotie »hon? it Neither 
Miidler nor Neisnn refer to it. it is a b«cuitiful object under a 
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high power, and seems to be dae to the presence of a row of 
inosculating craters gradually diminishing in siae from the foot ol: 
the wall of Barrow to the termination of the valley north of Gold- 
Bchmidt. Anotiier noteworthy circumstance in connection with it 
is that it IB bordered on either side by a bank of some altitude, 
which was a very obvioiM feature on January 17. There is a pro- 
minent orater situated at the foot of the western bank and close to 
the bottom of the northern slope of Barrow, which does not 
appear in the maps. 

The western side of W. C. Bond consists of an irregular double 
range of mountains of considerable altitude, extending from the 
neighbourhood of the deep crater B in the interior to the north 
side of Archytas. It follows a slightly serpentine course without, 
howcFer, deviating to any great extent from a direct line. Two 
peaks on the more easterly range throw magnificent apirea of 
shadow across the floor at sunrise, which, with the almost equally 
imposing shadow of W. C. Bond B, make up a very striking tele- 
scopic picture. Sthriwter (Tab. lii, fig. i) shows a cleft running 
from the north wall of Archytas along the west side of the mouu- 
taioa just referred to, and Schmidt draws a coarse crater-row in 
nearly the same situation, both probably representing a valley 
between parallel heights. Beyond the western border is a large 
enclosure, Archytas 0, bounded by hiDs of no great altitude, 
escept on the extreme west, where they culminate in a very curious 
triple-peaked mountain. Neither MSdler, Neison, nor Schmidt 
show any detail in connection with W. C. Bond B, though a 
3j-in. achromatic reveals a good-si/^d crater on the floor close lo 
it on the north. There is another just under the west border^ 
also an easy object, shown only by Schmidt, and he represents a 
third on the south-west wall of (i, of which I have no record. 

it Hciiee, ShakeepeoM Eoad, TllOB, Gwrs EtQBB, 

Afr.^ -"-i, Apnl 18. 
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CORRESPONDENCE. 

To the Editors of ' The Ohservato7-y .' 
Comet a, 1891. 

. GEtriLBIilETT, 

While comet-seeking on the evening of March 30 at g*", 
with a 10-inoh reflector, power 40, I picked up a bright nebulous 
object in Andromeda. As I failed to identify it with any of the 
conspicuous uebulai which had become familiar to mo during pre- 
vious sweeps in this region, I concluded it to be a comet. A few 
minutes sufBoed to reveal motion. Tiie new comet appeared round, 
with a bright central condensation, but it was unfavourably placed 
in the mist over the N.N.W. liori^on, and details were uncertain. 
At 16" 30° I reobserved the object, and found it very obvioua. 
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though the gibboua Mooa was up. The daily motion. I judged i 
be 70' to the 8., or more exactly 8.8.E. 

Another observation waa obtained on March 31, 8" 30", but the 
comet was iodistinct in a hazy sky. 

On April 4, 8'' 30" it was again seen, and the atmosphere being 
unusually clear, the comet appeared much brighter than on pre- 
It had a dulicate tapering tail, so esceedingly 




Comot aud Mplcor, 1891, April 4. 



diaplianous that it could only be caught bygUmpaea. It stretcbefl 
over certainly more than half the field ai 50' (power 60) which I 
was using, though its precise limits were indeterminate, perhaps 
owing to the faint twilight lingering in that quarto-. At 8" 35°" 
a telescopic meteor, about 8th mag., crossed the comet juat under 
the head, and the effect produced for a moment was very in- 
teresting. 

Cloudy weather ensued, aud the comet was not seen again. It 
is now lost in the Sun's rays. Prof. Barnard, of the Lick Obser- 
vatory, appears to have discovered the same body on the evening 
of March ag, though my telegram conveyed the first intimation of 
the new object to the chief observatories in Europe. The comet 
is passing rapidly southwards, and it is to be hoped that its 
course will be watched from the southern hemisphere when it 
emerges from the Sun's rays at the latter part of May. 

It is singular that it eluded detection until it had drawn so 
near its disappearance to northern observers. The comet would 
probably have been found here early in March but for extremely 
unfavourable weather. As an example of how unsuitable our 
climate is liable to be for this class of observation, I may mention 
that between March 3 and April 11 comet-seeking was only prae- 
tieable on two nights. Yours faithfully, 

Biahupston, Brisiol, 1B91, April 13. W. F. DllNMS% 
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Is I, Cancri a Variable Star ? 

Gentlemen, — 

This star is included by Mr. Grore iu his useful list of Sus- 
pected Variables, where, however, he does not mention all the 
grounds on which its variability would seem to be really probable, 
though if so, the change must be of long period. Ptolemy and 
Al-Sufi give its magnitude as the fourth, and it is nearly of that 
magnitude still. Prof. Pritchard photometrically determining it in 
1883 as 4*24, nearly the same as that of ^, which agrees with Mr. 
Gore*s estimate in 1876. But Flamsteed registers the magnitude 
as 5, Lalande made it the same, Bradley even fainter, as 5*6. 
Piazzi gives it also as 5*6 ; by a misprint the Bayer letter appears 
in his catalogue (where its number is viii. 158) as v instead of c. 
Argelander estimated the magnitude as the fourth — ^the same as 
it is at the present. time; but the evidence appears pretty strong 
that it was smaller in the last century and at the commencement 
of this. Tours faithfully, 

Blackheath, 1891, AprQ 8. W. T. Lynn. 

Observing OccuUations. 
Gentlemen,— 

In reading Mr. Innes's description of his visit to Mr. 
Tebbutfs observatory at Windsor, N. S. "W., I was, I confess, re- 
minded of the dictum of the American philosopher, that " There's 
nothing new, and there's nothing true — and it don't much signify;" 
for I orally described the method adopted by Mr. T. of observing 
occultations, before the Eoyal Astronomical Society more years 
ago than I at present care to count. Even after this lapse of time, I 
think that I can reproduce my remarks verbatim. I said then : 
" It may not be a very scientific method of observation, but it is a 
very effective one that I adopt. Adjusting the micrometer wire so 
that an equatorial star runs along it, I thread the star on that 
wire a short time before it is occulted, and leave the clock driving. 
Then when the star is about to reappear, of course I know exactly 
at what part of the Moon's opposite limb to look for it." I can 
only wonder that so very simple an expedient has not occurred to 
scores of people. Faithfully yours. 

Forest Lodge, Maresfield, Uckfleld, WiLLIAM NoBLB. 

1 89 1, April 9. 

Saturn, 

Gentlemen, — 

My attention has been called to a criticism in the ' English 
Mechanic ' of my pictures of Saturn, and as this criticism is cor- 
rect, I wish to acknowledge it. The inner edge of the gauzy ring 
is too bright. An attempt was made to stipple the stone, but in 
printing the colours ran together and gave a wrong appearance to 
the inner edge. 

Anyone who makes a picture of a planet should bear in mind 
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Ben. Franklin's story of John Thompson the batter, and take criti- 
cism kindly. The general tendency is to exaggeration. I may 
refer to an incident of my own experience. About ten years ago 
a book-agent visited this Observatory with some drawings of the 
planets on which very startling features were shown. On my re- 
ferring to this fact, and saying that I had never seen anything so 
bold through the telescope, the agent, a long gaunt Yankee, drew 
himself up, and shaking his finger at me, said with a solemn voice; 
" Professor, the people demand it." 

Verhum sap. Faithfully yours, 

Naval Observatory, AsAPH HaLL. 

Washington, D.O., 
1 891, April 13. 



OBSERVATORIES. 

Paeis. — We gather from one of the Paris daily papers that 
Admiral Mouchez's request for an observatory outside Paris, either 
complete «r at least sufficient for such work as is now seriously 
hampered by the situation, has been seized upon as an oppor- 
tunity for proposing the demolition of the present observatory. 
It need scarcely be said that no such work of destruction is 
contemplated by Admiral Mouchez. He proposes converting the 
historic building into a museum if it is no longer to be used at all. 
But some energetic people point out that the building stands in 
the way of a very nice project for a sewer ; and further that it 
never was a good observatory, and so bad better come down. The 
story of the building is certainly rather curious, though we are 
sorry it has been remembered for such a purpose as that of 
urging its destruction. Louis XIV., being desirous of encouraging 
Astronomy, appointed Cassini his astronomer, and directed the 
architect, Perrault, to have an observatory ready for him on arrival. 
The architect made a fine building, but when Cassini arrived he 
found it would not do for astronomical purposes, and he ac- 
cordingly built himseK a small hut to observe in on the terrace ; 
and Perrault's building has practically never been used as an 
observatory. The instruments and the Director have been esta- 
bhshed in pavilions and buildings successively added as occasion 
required. 



PUBLICATIONS. 

Astronomy in 1887 and 1888*. — There is so much life and 
activity in astronomicjil matters that it is a real pleasure to take 
stock once in a way ; and such reviews as Prof. Young's ' Ten Years' 
Progress in Astronomy' are both instructive and entertaining. 

* An account of the Progress in Astronomy for the Years 1887, 1888, by 
W. 0. Winlock. Washington, 1890.. 
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We can even afford to look back a little oftener than once in 
ten years, as do the Royal Astronomical Society in their annual 
notes on progress ; and Mr. Winlock has for some time past 
edited an annual review on the other side of the Atlantic. His 
work has, however, recently failed in one important feature of a 
good annual review : that of appearing to date, or as soon as pos- 
sible after the termination of the period considered. Thus the 
report for 1886 appeared in 1889; and we have just received 
that for the years 1887-8 together. This may be due to the 
accidents of publication, as the report is included in the Smith- 
sonian reports, but it is a pity some remedy cannot be found. The 
report itself is more or less a compilation, and there should be no 
difficulty in having it ready at the end of the year, if clippings are 
made at once. In the present case the treatment of two years 
together has led to the omission of the events of one (and it is not 
always clear which) in cases such as the reports of Observatories, 
award of medals, &c., &c. With this exception the work is care- 
fully done, having probably gained in quality by the delay. There 
are ma ay particulars of American Observatories which we have 
not had access to elsewhere, and the delay in publication does not 
of course affect the value of the review as a work of reference, as 
which it will be very valuable. 



B1BL10GEA.PHT OP Meteorology. — Referring to the Biblio- 
graphy of Meteorology, a classified catalogue of the printed 
literature of meteorology, prepared under the direction of General 
Greely, of the Washington Signal Office, a notice concerning which 
appeared in the 'Observatory' for March, 1890, and of which 
parts I and 2 of the Section " Physics of the Atmosphere,*' dealing 
respectively with Temperature and Moisture, were then published, 
we have now to acknowledge the receipt of part i of the section 
" IVIechanics of the Atmosphere," which deals with the subject of 
Winds. This is reproduced by lithography, for limited circulation, 
as before. General Greely regrets that he is compelled to pro- 
duce this valuable bibliography in such a fragmentary and unsatis- 
factory form, but no funds are yet available for printing the 
Catalogue, and parts are issued in this form because no better 
method has been possible for making the work accessible to those 
who have aided in its preparation. W. E. 

HAKDBUCn DER GEOGEAPHISCHEN . OeTS-BeSTIMMUNGEN AUP 

E.EISEN*. — Dr. Wislicenus has noticed that travellers pay only 
scant attention to the determination of good geographical posi- 
tions ; and among other reasons for this omission he is convinced 
that one is the want of a text-book on the subject — a book, that is 
to say, which shall contain just all they ought to know and no 
more. He has done his best to supply this text-book in the work 

♦ Handb. u. a. w. zum Gebrauch fiir Gheographen und Forsohungreisende ; 
von Dr. W. F. Wislicenus. Leipzig : W. Engelmann. 
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before us, which contains 270 pages octavo ; which number of pages 
is hardly reassuring to the traveller who is anxious not to spend 
unnecessary time on this one of the many things that claim his 
attention. On glancing through the book, however, we cannot see 
that much could well have been omitted if the matter is to be dealt 
with fully. Of course a much smaller work might be produced in 
perhaps a few pages only ; and we should think the author would 
have done well to add one or tw^o chapters containing simple but 
definite programmes for a traveller equipped in definite ways — say, 
with a sextant and a good watch, or a theodolite and chronometer, 
or a theodolite alone. The chief danger in making a text-book so 
complete is that the choice of methods offered is merely bewildering ; 
take for instance the dozen or so methods of finding the latitude 
here given ; each is most clearly and concisely explained, and a 
good example fully worked ont. But there is very little to indicate 
which method should be chosen in particular cases. 

There is another point in which the examples might have been 
made more useful to those unfamiliar with the methods. One of 
the things about which a beginner is most in doubt is whether his 
observations are sufficiently accordant ; and if Dr. Wislicenus had 
given in each case a series of four or five results obtained by a prac- 
tised observer, like himself, instead of only a single one, a very 
useful standard of accordance would have been established. 

It is, however, somewhat ungracious to complain of what the 
author has not given us when he has already been so generous. 
The great merit of the work is its completeness and clear style of 
writing ; and we must not forget to mention the carefully minute 
directions to intending observers about such things as lamps and 
notebooks &c. Attention to these words of wisdom, from even 
some experienced astronomers, would save many hours of subse- 
quent labour. The work is in three parts : the first forty pages 
deal with spherical astronomy ; the next hundred with instruments ; 
and the last part with the actual methods for determining latitude 
and longitude. A very slight knowledge of German would be 
sufficient for understanding this last and most important part of 
the work. 

Celestial Motions *. — We are glad to see another edition (the 
seventh) of this admirable little work, which has already beea 
translated into French. 

The Solae Paeallax and Eelatej> Constants. — The great 
work which Prof. Harkness announced only recently (see * Observa- 
tory,' No. 173, p. 133) is already completed and published. The 
whole occupies 160 pages of the Washington Observations, and 
forms Appendix III. to the Volume for 1885. We must defer any 
extended or critical notice of the work ; but may here remark that 

* 'Celestial Motions, a handy book of Astronomy/ by W. T. Lynn, B.A. 
London : Stanford. Price 28, 6a. 
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the value obtained for the solar parallax hj this exhaustive discus- 
sion of all existing observations is 8"'8i4:o"'oo6, and of the 
constant of aberration 2o"*455 5 ^.nd for the semidiameters of 
the Earth 20925293 feet and 20855590 feet respectively, giving a 
flattening of 1/300*2 + 2*96. 

The Asteophotogbaphio Chaet : 6th No. or the Bulletin. 

— This number, which appeared just before the meeting of the 

Committee, opens with a paper by M. Kapteyn on the parallactic 

micrometer, whose construction has been rendered possible by the 

private munificence of M. Bischoffsheim ; and a more technical 

paper on the same subject by M. P. Gautier. The theory of 

reduction of the measures is expounded by M. Kapteyn in another 

paper occupying half the number (50 pages). The merits of the 

apparatus can in many ways be more profitably discussed when it 

has been made and used ; and we accordingly shall not consider 

them at present. 

A paper in which M. Prosper Henry points out the change of 
the constant of refraction in photographic work has been already 
published and referred to : and there is little else in the number 
calling for particular comment. 



NOTES. 

A Fifth Type of Stellab Spectra. — Prof. E. C. Pickering, 

AVriting in the * Astronomische Nachrichten,' No. 3025, proposes 

"tliis title for the stars whose spectra resemble those of the stars 

tiiscovered by MM. Wolf and Eayet. In general Prof. Pickering's 

;fjhotographic survey has confirmed Seechi's fourfold division of stellar 

spectra ; but many stars in Orion and the neighbourhood differ 

considerably from the ordinary first type stars, the additional lines 

instead of being faint as in Yega, being nearly as intense as . the 

liydrogen lines, whilst two classes of objects, the planetary nebulsB 

und the stars the spectra of which consist chiefly of bright lines, 

are left unprovided for. Prof. Pickering points out the close 

similarity of the grouping of the lines in these three classes, and 

also the striking character of their distribution. Whilst stars of 

the second and third types are about equally divided between the 

Gralactic and non-Galactic regions, two-thirds of the first-type 

stars lie in the former area, and of the Orion stars four-fifths are 

found in the Milky Way. A similar distribution of the planetary 

nebulas has long been recognized, and Prof. Pickering here shows 

that of 33 stars known as of the " Wolf -Eayet," or, as Prof. 

Pickering suggests they should be called, the " fifth " type, every 

one lies within 10° of the Galactic equator, two-thirds within 2° 

of it. 

The following table shows the correspondence between the 
lines of the Orion stars and those of the fifth type, in which Prof. 
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Pickering proposes to include the planetary nebulae. The Wolf- 
Ray et sfcws he divides into three classes, taking Cord. O. C. 8631, 
Cord. Gr. C. 22763, and S.D. 21° Wo. 4864 as typical examples. 
In the iirst two classes X 469 is the most conspicuous line ; in the 
third, X 464. 



Orion Stars. 
(Dark lines.) 


Planetary 
^ebulaB. 


Bright- line Stars. 


Class I. Class IL 


Class TTI. 


486 
470 

463 

454 

45^ 

447 
442 

434 
420 

410 

407 

403 
397 
394 
389 
387 


501 
4S6 

470 

447 

434 
410 

397 
388 


486 
469 
462 

454 

434 
420 

410 
406 
402 
398 
395 

389 
388 


486 
469 
464 

455 
45^ 
447 

434 
420 

410 

406 

402 

397 
389 


464 

455 
451 

443 
434 
421 

412 
407 

395 



BoTATiON OF JupiTEE. — In a paper read to the St. Petersburg 
Academy in November last, I)r. Belopolsky has collected and 
discussed all available observations for the rotation of Jupiter. 
The result is to confirm the existence of two distinct periods of 
rotation for the visible Jovian surface, one of about 9^ 51™ attach- 
iug to an equatorial belt ; and the other of 9*^ 55"* for the rest of 
the surface, at least as far as latitude 45°. The equatorial belt is 
well defined as far as 5° on either side of the equator ; but from 
this point to 10° or 15° visible markings may belong apparently 
either to the belt or to the rest of the surface, and give results 
for rotation period accordingly. The belt does not appear to be 
quit-e symmetrical with respect to the equator, and if it corresponds 
to the belt of trade-winds on the Earth must have some additional 
peculiarity not represented on the Earth ; unless, indeed, the un- 
equal distribution of our land and water in our two hemispheres i? 
the cause of some asymmetrical optical phenomenon to observers 
in other planets. 
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Thz AnnuKA. — Prol'. F. H. BigeJow, who lias recently |Aid 
Bome attention to the maHiematieal tbeory of the solar corona 
considered as an ele<'tricnl phengmeDoii, is anxiouB to make a 
similiir analysis of the problem of the aurora; but the pro]>er 
observations are lackiDg. He begs those who have the oppor- 
tunity to make the simple observations required, which consiBt in 
measuring the angle of inclination of u strenmer to the vertical 
plaue passing tlirough tbe station, together with the azimuth of 
the ray, prolonged, it" necessary, at the point of its springing from 
the horizon. His paper, in which he describes n simple instru- 
ment for the purpose, will be found in Ainer. Journ. of Sci. 
vol. sli. Feb. 1891 ; and in case any of our readers M-ish to make 
such observations, we shall be glad r« forw&rd them a copy. 



The Alleged Vabiation of Latitude. — In Astr. Nach. 3021, 
Dr. N. Herz suggests a new origin for the variation of latitude in 
the electrified state of the Sun. If the Ewth be not an absolute 
conductor nor the air an absolute non-conductor, it ia shown that 
the direction of gravity at any point will thus apparently change, 
not only with the season of the year, but during the day ; while 
its intensity need not be sensibly affected. It is pointed out that 
if this be the true cause, the observed phenomena should vary 
with the latitude, and not with the longitude, fts would be the 
case for a real shifting of the Earth's pole ; and ve thus have n 
means of putting Dr. Herd's theory to a thoroughly practical test. 



A Tabiable Nebula,.— Tlie nebula N.G.C. 1186, which was 
discovered in 1785 by W. Herschel and oliserved in 1831 by his 
son, could not be found in 1854 and 1864 by Lord Eosse, nor ia 
1S63 by d' Arrest ; but has been lately observed by M. Bigourdan 
a.t Paris (C. R. cxii, no. g, p. 471). There is thus a sirong proba- 
bility that it is variable, and it certainly deserves attention. 



MiKOB Plakbts. — It apiiears that the Minor Planet announced 
on p. 136 of Ko. 173 as discovered on Feb. 11 is Lacrimoja 
Ho. 2o8 ; the Nos. on pp. 136 and j66 should therefore be de- 
creased by I . No. 308 was discovered by M, Borrelly on March 3 1 
and No. 309 by Dr. Palisa on April 6. No. 303 has been named 
Josephina. 



The sew Frkncii Base-line. — The officers of the French 
" Service Gdographique " measured a new base-line in the summer 
of iSgo, and the Director, Gen. Derrecagaix, has just communi- 
cated the result to the Academy. The work was obviously done 
with great precision and also great rapidity, owing to efEcient 
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organization. The base selected was nearly that of Picard, between 
Villejuif and Juvisy, though it was not possible to use Picard's 
terminals, one of which is now surrounded by buildings. It was 
measured twice (the operations extending over 25 days the first 
time and 18 the second), and the greatest difference between the 
two measures of a section of 200 or 300 metres was 2°*™'6, the 
final result for the whole base being 72 26°™' 7 92. On comparing 
this result with Delambre's base, Melun— Lieu Saint, through the 
triangulation, the difference is found to be only o"'oi ; but on 
comparing by triangulation with the fundamental linear measures 
of other countries, a curious systematic discrepancy appears as 
follows (the first number being the excess of the foreign measure 
over the French, and the second the whole base-length) : — 

m m 

Spain (Forceral— Canigou). . . . 
Belgium (Kemmel — Cassel ) . . 
England (Harlettes — Cassel) . . 
Italy (Mounier— Tournairet) . . 

The reason for this discordance is yet to be determined. We 
congratulate the Service on the promptitude with which such an 
excellent piece of work has been accomplished. 



-0-44 


30141 


— 0-31 


22982 


-0-68 


37460 


— 0*46 


26010 



Photogbaphio Stellas Magnitudes. — The method proposed 
by Capt. Abney for determining stellar magnitudes photographi- 
cally is worthy of careful attention. Hitherto various empirical 
formulae connecting the brightness with the diameter of the disc 
have been suggested with more or less success. Capt. Abney deals 
with the total photographic action, including both the density and 
the size of the image. He measures, in fact, the total obstruction 
to light offered by the image when it is placed as a screen in front 
of an aperture. It can in this way be compared with a scale of 
screens or a graduated screen and the total action measured ; and> 
the relation between the total action and the brightness of the 
source has been specially and successfully investigated by Capt. 
Abney. We hope his beautifully simple and complete proposal 
will meet with approval. 

Messrs. Taylob and Fbancis will shortly pubUsh a new illus- 
trated book, intended for astronomical amateurs, and \^tten by 
Mr. Denning, of Bristol. The title is * Telescopic Work for Star- 
light Evenings,' and the volume will include chapters on telescopes 
and observational matters, in addition to descriptions of the 
principal celestial objects. 

An appeal is being made in California for funds to enable 
Messrs. Burnham and Keeler to take the 12-inch Equatorial to 
Chile, on the occasion of the favourable opposition of Mars in 
1892, when the planet will be in Dedination 23*^ South, and thus 
badly situated for observation in northern latitudes. 



THE OBSERVATORY, 
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IXiEETING OF THE EOYAL ASTRONOMICAL SOCIETY. 

Friday, May 8, 1891. 

Lieut.-Oen. J. F. Tennant, C.I.B., E.E., F.E.S., 
President, in the Chair. 

Secretaries : E. B. ICnobbl and A. M. W. Downing, M.A. 

TThe Minutes of the last Meeting were read and confirmed. 

Mr. Downing, Seventy-seven presents have been received since 
the last Meeting ; amongst those calling for special mention are : — 
E. Dunkiu, * The Midnight Sky,' new edition, presented by the 
author ; C. A. Young, ' Lessons in Astronomy,' presented by Mr. 
E. Arnold ; Pulkowa Observatory, Catalog von 5634 Sternen, pre- 
sented by the Observatory ; Munich Observatory, Annalen, Band I, 
Erstes Miinchener Stemverzeichniss von 33,082 Sternen, pre- 
sented by the Observatory ; Photograph of the Cluster in Perseus 
made at the Lick Observatory, presented by Prof. E. S. Holden. 

A vote of thanks was accorded to the donors of the presents. 

Mr. Knohel read a paper by Mr, K. D, Naegamvala " On the 
character of the chief line in the Nebula in Orion." Mr. Nae- 
gamvala has been observing the spectrum of the Great Nebula in 
Orion on every available occasion for two months at Poonah in 
India. The telescope used was a i6|-inch reflector by Calver, and 
spectroscopes having one, two, and three prisms have been used. 
The results of the observations are that the chief nebula line is 
seen sharp under all circumstances, and no trace of any fluting 
structure has ever been seen. It is therefore concluded that the 
line in question is not the remnant of a fluting of magnesium, as 
has been suggested by Prof. Lockyer in his ' Meteoritic Hypo- 
thesis.' 

Gwptain Noble, I think it cannot fail to be gratifying to our 
eminent Fellow, Dr. Huggins and his gifted wife, to find that his 
conclusions have been corroborated on the American Continent 
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by Mr. Keeler, iu Germany, and now in India. The character of 
this line has been under discussion for two or three years, and, 
despite evidence to the contrary, it has been insisted upon that it 
has its origin in magnesium. I think Mr. Naegamvala has — I 
will not say killed — ^but buried the idea. 

Prof, Ale,vander Herschel. There has been a great deal of re- 
search expended upon this line since it was first discovered, when 
it was sai4 to be due to nitrogen. Even now we cannot say 
definitely what its chemical origin is, and we must wait and hope 
for a solution of the question. But this does not touch the main 
point of Mr. Lockyer's hypothesis, which is that the luminosity of 
nebulae is due to low temperature. There is a background of un- 
certainty as to the chemical origin of the line, and contradictory 
accounts of its appearance, and the question of the true source of 
nebulous light is one that remains for the future to decide. 

Mr. A, Taylor, In 1888 I examined the spectrum of the Great 
Nebula in Orion, and the conclusion that I came to then, and which 
I communicated to the Society in a paper in January 1889, was 
that this line was sometimes seen fluffy on the edge towards the 
blue. A similar observation has been made in nebular spectra by 
Dr. Huggins on several occasious, by Eather Secchi, Dr. Vogel, 
Dr. Bredichin, and Mr. Maunder, and the appearance of this 
fluffy edge is not by any means confined to one nebula. It has 
been seen so repeatedly that a single observation now cannot dis- 
pose of it, and we must seek for a full explanation. The earlier 
observations were allowed to stand unexplained until Mr. Lockyer 
brought forward his meteoritic hypothesis, and suggested that the 
line was a remnant of the magnesium fluting. Since that sugges- 
tion was made Dr. Huggins, Dr. Vogel, and Mr. Maunder have 
said that they see the line perfectly sharp ; but this does not in- 
validate their previous independent and unbiassed observations. 
Their first records were made to publish facts of observation the 
importance of which they did not recognize, aud no observations 
made by them now will carry so much weight as their previous 
unprejudiced work. Dr. Huggins and others say they now see 
this line perfectly sharp, and in my own observations I find that 
I can sometimes see it practically sharp, and at other times fluffy. 
So far as I can make out, everything depends upon which portion 
of the nebula is falling on the sht of the spectroscope. It is a 
great disadvantage that observers, when they are examining ne- 
bular spectra, will not record which portions of the image of the 
nebula are falling on their slit«, then we should be able to get 
definite evidence as to differences in the spectrum, and perhaps to 
understand how it is that this line is sometimes seen sharp and 
sometimes fluffy. 

There is another point, and that is with regard to the observa- 
tions of Mr. Keeler at the Lick Observatory. Much importance 
is attached to the fact that he, with large aperture and great dis- 
persion, does not see any trace of a fluting. As a matter oi fatct. 
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lais conditions are nearly the worst possible for making this obser- 

"vation. For stellar work his large aperture would be an advan-- 

tiage, but for the examination oF nebulas and other objects of 

sensible magnitude the large aperture is .a positive disadvantage 

if there is a corresponding increase of focal length ; and the Lick 

"telescope of 36 inches aperture and 672 inches focus is quite un- 

:fitted for this work. A 12 -inch telescope of 18 feet 8 inches focus 

"^vould be just as effective, and if of shorter focal length, would be 

"fcetter than the Lick telescope. For observing and measuring a 

sharp line, or the sharp edge of a fluting, great dispersion is an 

advantage, but a small dispersion is more fitt^ to detect the faint 

light that fringes the edge of a fluting, dreat dispersion spreads 

"the faint light out until it becomes invisible. Besides this, with a 

grating spectroscope the loss of light is very great. When we add 

to these disadvantageous conditions the fact that Mr. Keeler's 

eyes are not acute, we can easily understand how it is that he 

cannot see any resemblance to a fluting in the nebula line. I 

should have been very surprised indeed if he had, for his telescope, 

his spectroscope, and his eyes are all against him. His negative 

evidence has had too high a value placed upon it, for negative 

evidence from him is of very little value, although positive evidence 

from him would be of greater value than from anyone else. In 

the paper read to us to-night, although we are told the aperture of 

the telescope, we are not told its focal length, and no mention is 

made of the portion of the nebula examined, so that we cannot 

possibly determine the value of these observations. 

Captain Nolle, I should like to ask one question, and that is, 
does Mr. Taylor ask this meeting to believe that he contends there 
is still a chance of this chief nebula line having its origin in 
magnesium ? 

Mr, Taylor. I do not think that I ought to be cross-examined 
on this question, or that we are in any way discussing my opinion. 
We are discussing facts of observation, and they are that Dr. 
Huggins, Father Secchi, Dr. Vogel, Dr. Bredichin, Mr. Maunder, 
Prof. Lockyer, Mr. Fowler, and myself have on separate occasions 
seen this line fluffy on the blue edge, whereas the writer of the 
paper sees it sharp. My opinion of the chemical origin of the 
line has nothing to do with the matter at all. This much I will 
say, however, that the observations of Mr. Keeler have certainly 
made the suggested magnesium origin more probable than the 
nitrogen origin that was accepted for so long, or the lead origin, 
if Dr. Huggins ever believed in that. I see no reason for doubt- 
ing Mr. Keeler's measurements, and on some occasions he has 
measured the magnesium line to the red side of the chief nebula 
line, although his mean results show that it is on the other side. 
Motion in the line of sight, a swirl in the nebula, or instrumental 
errors may account for the differences, but in any case his results 
strengthen the suggested magnesium origin, and completely demolish 
all other suggestions. 

q2 
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Mr, Ranyard. 1 should like to point out that in the whole course 
of observations of motion in the line of sight there is a shifting 
of the line as a whole, and no tendency to produce a nebulosity on 
one side only. I do not see how any such effect could be brought 
about. We might get nebulosity on both sides, but not on one. 
Some solar lines were believed to be unequally winged, but with 
more powerful instruments and better definition this is found not 
to be the case. One thing we can rely upon is the position of i he 
line. The nebulosity of the edges is much more difficult to 
observe. 

Mr, Taylor, It is quite possible that the nfebulosity on one side 
of the line may be due to motion in line of sight. If some of the 
luminous matter is at rest and another portion approaching us in 
the line of sight the result will be a sharp edge on the red side and 
a fluffy edge on the blue. This widening on one side can some- 
times be seen with the hydrogen lines of the Sun, and it may be 
that this fluffy edge to the line in the nebula in Orion is an effect 
of a similar cause. It may be due to this or it may be the rem- 
nant of a magnesium fluting, but there can be no doubt of the real 
existence of this fluffy edge to the line. 

Dr, QUI, There is one point with regard to the observations of 
Mr. Keeler that I should like to mention. It is perfectly true all 
that Mr. Taylor has said on the subject of the proportion of 
focal length to aperture of the telescope, but in this case I was 
not aware that there is any difficulty in seeing the line. It is 
easily visible. I am not a specialist, but there can be no doubt 
that if you are observing a continuous spectrum, as from a star, 
a large dispersion would dilute the light, but in the case of mono- 
chromatic light the large dispersion used by Mr. Keeler would be 
an advantage for accurate measurement of the wave-length of the 
line. The point on which the identity of the chief nebula line 
with magnesium turns, i. e, the question of wave-length, is whether 
the nebula has a motion in the line of sight, of about 36 miles a 
second. If there is one question more certain than another in 
celestial spectrum analysis, it is that hydrogen is a constituent of 
this nebula. Now the hydrogen lines do not show any such 
motion, so that the evidence is against the magnesium origin. 1 
speak from general principles and not as a specialist. 

Mr. Gregory, 1 think that the suggested magnesium origin hangs 
as much upon identity in appearance as coincidence in position. 
The nebula line was thought, until a few 3^ears ago, to be due to 
nitrogen (although nitrogen gives a double line here), and it was 
only after Mr. Lockyer suggested that it might be magnesium 
that Mr. Keeler's observations were made, and they were made 
with the idea of disproving the suggestion. Mr. Lockyer's sugges- 
tion is at any rate nearer the truth, and entitled to more respect 
than Dr. Huggins's suggestion of nitrogen, and Mr. Keeler's 
observations have strengthened the idea of the magnesium origin. 

Mr, Maunder. 1 observed the principal line in the nebula iu 
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Orion in March 1884, and that observation has been referred to 
several times to-night. On that occasion I used two half-prisms, 
equal to about 16 ordinary prisms, and the nebula line did not 
give me the idea of being the remnant of a fluting. It was a line, 
but was not sharp on either edge, and the edge towards the blue 
was a Httle more diffuse or a little more fluffy than the other one. 
I do not follow Mr. Loekyer's idea that a large dispersion will be 
less likely to show this than a small one. I have observed the 
line with smaller dispersion and have never been able to detect 
any lack of sharpness or want of symmetry except on the one 
occasion. 

The President. Mr. Taylor says that different parts of the 
nebula give different characters to the line. I shoald like to 
know if he considers it probable that the magnesium is present in 
some parts and absent in others. If the fluffy edge is due to 
motion in line of sight, then some parts are in motion and others 
at rest. That is what the suggestion amounts to. Does he 
attribute part of the line to magnesium and part to some other 
cause ? 

Mr, Taylor. 1 can only give the facts of my observations, and 
they are that the character of the line varies when different parts 
of the nebula fall on the slit. I find that when the trapezium and 
the condensed portions of the nebula near it fall on the slit 
the extension towards the blue is greater than is seen in any 
other part of the nebula. "Whether this is due to the stars in the 
trapezium being condensations in the nebula, whether there is more 
magnesium there, or whatever the cause is I cannot say. 

Capt. Noble. Dr. Huggins photographed the spectrum one night 
with his slit across the trapezium, and his photograph ought to 
show this. 

Mr. Taylor. Dr. Huggins has not photographed the 5005 line. 
His plates will not reach it. I may say that there are photographs 
in existence, but not yet published, that seem to indicate a swirl 
in the nebula such as I have indicated. Drawings from and 
descriptions of these plates will be published, and copies of the 
actual photographs will, I hope, be available for examination. 

TJie President called upon 2>r. Gill to give an account of his 
visit to the Continent. 

Dr. Oill. My visit to the Continent was chiefly connected with 
the Astrophotographic Congress. I had the pleasure of reading 
in the ' Observatory ' the exceedingly accurate account of the 
Congress given by the Astronomer Eoyal, therefore I need not 
refer to what has been told you already. After the Congress we 
had to remain behind to complete the revision of the proc^- 
verhaux^ and after a pleasant stay in Paris I started for Berlin. 
There I was principally occupied in discussions with Dr. Auwers 
with regard to the possibilities and probabilities of getting certain 
meridian observations of the comparison stars which will be 
required as standard stars upon the photographic plates for the 
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formation of the catalogue. 1 forget whether the Astronomer 
MaysX told ;ou of the deciBioQ of the Committee that there were 
to be six starB, choaen aa aymmetrically as poBBible, on each of the 
pUtea for the catalogue. The poaitiona of these stars are to W 
(lel«rmmed by meridian obaervations at two observatories, and '~- 
two obserrations at each observatoiy. That involves the pre] 
tioQ of u catalogue of between 6o,ooo and 70,000 stars ove 
whole sky, and that catalogue would have the Advantage that these 
stars would bo diatributed ns evenly as possible over the whole 
eoleatial vault. I believe that it will be possible, with the sym- 
pathy find co-operation of astronomers, to prepare this catalogue 
and to obtain in the course of a reaMonable period a complete re- 
observation of the selected stars. The first step will be to select 
thf etara, and that selection will have to be made by laying down 
upon till' chart of Argelander a square equal to each of the 
10,000 plates, and to select the six stars most suitably placed in 
each plate. Argelander's ' Durchmusterung ' and SchiJnfeld's exten- 
sion at it will enable this to be done for the northern hemisphere 
and down to 23° South declination. We hope in the course g&, 
another year that the catalogue of the Cape photographic ' Dure*" ~ 
muaterutig ' will be completed, when we shall be able to lay doi 
the stars in charts ; from these charts the stars for the rest of t 
southern hemisphere may be selected. From Berlin I went to 
visit Messrs. Repsold at Hamburg, and saw Dr. Yogel's apparatus 
for measuring the star-platea, which is extremely conveniently eon- 
trivod and well made ; and the same may be said of a new heliostat 
for I'oladam. From there I went to Groningen and discussed with 
Prof. Kapteyn: details as to how the catalogue and charts of our 
'Durchmusterung ' should he published. I only hope I shall be able 
io get the necessary funds as quickly as possible. I should have 
said that during my visit to Ttorlin 1 spent two days at Potsdam 
with Prof. Vogel, and n-turned deeply impressed with the extreme 
accuracy and importance of the ol«ervations going on there for 
Ihu ineasuremeut of rate of motion of stars in the line of sight. 

Dr. Gill thou described the spectroscope used by Prof. Vc^l 
hv t he aid of drawings on thf blackboard. A strong conical c^e 
o^ sleol X""^" cwries tht- itillimator and is halted on to the 
tulie of the t*>lescope. The two compound pnsms used are 
mounted iu a steel case aocuraCety adjusted for minimum devia- 
Uon of " G," and then rigidly clamped. This is bolted on to the 
case carrying the collimator aud is perfectly ri^d. The photo- 
graphic camera is roouDted on the end of a sleel conical tube, 
and this is in luni boltcti to the (irism case. A strong steel arm 
ties the end of llie camera case to tW tube of the telescope. 
Wli^u thus nHt»ut«d the whole spectrosci^ is incapable of any 
aoi-idoulsl disf>laceiueut. aud is protecteil agaiost alterations of the 
adjustuMUls owing to motion of the tele^-ope. 

Ktvuuing. Dr. Gill said : L was \-eiT vxacix impreiesed witii the 
ai^>|>Hrati)». andliavinguukde a number i-iifi^lwrvations and nsMuied 
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a Dumber of pholographs o£ spectra wiiicii Dr. Vogpl had obtainad 
with it, came to the conclusion, which 1 believe is not an extra- 
vagant one, that the work done by Prot. Vogel with this appa- 
ratus is iDcnmparably the most accurate yet done : so much no that 
with a 25-inch or a 3o-inch telescope weU mounted, and n 
spectroscope simitar to this, eTiiployiug the largest dispersion 
which can be used, I beliuve that by observation of the spectra 
, of the brightest stars it will be possible to measure the yelo- 
eily of the Eai-th in its orbit so accurately that the aolor 
parallax will be obtained in this way more correctly than by any 
other method. That is an enormous advance in exact spectro- 
scopic work, and I hopf that Potsdam will not be long before it 
has a telescope capable of doing all I have suggested. I also hope 
that Potsdam wi!l not be the only place where we shall see such 
results. 

Mr. Taylor. Does Dr. Vogel use a cylindrical leoB ? and if so, 
where does he put it ? 

Dr. QUI. No, he does not use a cylindrical lens ; but places his 
slit parallel to the motion in Kight Ascension, and uses a slit of 
limited lenglh, He then allows the star to wander backwards 
and forwards in the direction of the slit, and that givea the 
necessary width to the spectnim. 

The vacuum tube for giving the Hy line of hydrogen across the 
star spectrum is fixed across the tube of the telescope, some dis- 
tance in front of the slit and at right angles to it. 

Z7m Astronomer Royal. I quite agree with Dr. Gil! in bin 
appreciation of the great accuracy of Prof. Vogel'a results. I was 
surprised rhat such good resulta were obtained with the vacuum 
tube in that position, because it seems to me optically wrong. 
This method of placing the vacuum tube in the cone of rays 
and at right angles to the slit was adopted by Dr. Huggins, and 
was the method first used at Greenwich, but it was found 
necessary to give it up because it gave erroneous results. The 
rays from the vacuum tube and from the star were under different 
conditions in the coUimator. Different parts of the object-glass 
of the collimator were illuminated by different parts of the vacuum 
tube, and in this way it became possible to get erroneous results. 
Otir experience showed that the method could not be implicitly 
trasted, and we gave it up several years ago, though Dr. Huggins 
and Dr. Vogel seem to have obtained satisfactory results with it. 

Di: Gill. There may be other reasons for the failure than the 
position of the vacuum tube. 

The Aatroricmer Hmial (java an account of the new dome for the 
Boyal Observatory, Greenwich, illustrating bis description by a 
model of the dome and by lantern slides made from the drawings. 

He said : — The new dome is intended to house the new z8-incli 
refractor, which is nearly hnished, and as it presents some 
novel features I thought it might be of interest to the Fellows 
if I give a short account of it. A proposal was made to 
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erect tliia dome in plafe of tiie wooden drum of 30 fei;t dia- 
meter which ia now mounted on the south-east tower, and tliat 
proposal has been sanctioDed by the Admiralty. The work of con- 
struction of the dome is being carried out by Messrs. Cooke and Sons 
of York, and 1 hope by the autumn that it «ill be erected and the 
28-inoh telescope housed iu it. It was necessary to have the dome 
of greater diameter than the tower, and to avoid building out at the 
top of the tower it has been arranged to make the dome 31 feet dia- 
meter at the plane of the rail on the tower, and 36 feet in diameter 
higher up. The dome in section takes the form of two involutes 
of a circle joined together at the top by an arc of a circle. 
Another feature is the construction of the shutter, for I wished to 
have that made so that it shall be perfectly symmetrical. The 
shutter-opening extends right over the dome from the curb through 
the zenith to the opposite part of the curb, so that the dome 
virtually consists o£ two separate portions joined together by a 
flanged rib carpying a rail at the top. The opening between the 
two halves is 7 feet wide, and the shutter is divided down the 
middle and opens both ways. This double shutter equalizes the 
weight n-hen the sht is open and prevents undue strain of the 
dome on one side. The top of the shutter runs on the rail at the 
top of the dome, the rollers being arranged both above and below 
the rail. 

The telescope is 2 feet out of the centre of the dome, to the 
south of the aiia of the dome, so that when pointing to the zenith 
it is clear of the rail. The mounting of the present instrument is 
to be retained, and the dome will be of sufficient siae to allow the 
whole of the tdlescope tube to be in the dome in all positions ex- 
cept when the telescope is pointing very near the horizon on the 
meridian. The apparatus for rotating the dome will be similar tu 
that used for the Laasell dome, the rollers having slightly curved 
faces running on the rail, this form of face being found very 
efficient and practically diminishing friction and risk of obstniclion 

Mr. K. T. Carter. 1 know very Uttle of the practical working 
of a dome, but 1 an) familial" with the principles o£ rolling friction. 
The method of using rollers with curved faces is not the best for 
redudug friction when any lubricating material is used. The 
pressure is on a line, and not spread over a surface : the result is, 
that the lubricating material is pressed out, whereas if a surface- 
beAring were used, it would reduce friction. 

Tht Astronomer Royal. We find the curved faces to the rollers 
act perfectly well with the Lassell dome. The difficulty in the 
c«se of a comparatively Ught dome is not so much to reduce rolling 
friction by lubrication as to prevent the grit which accumulates on 
the rail from interfering with the rotation of the dome. This is 
efficiently provided against by using the cuned rollers. 

Mr. lettac Jtoherti then showed on the screeu a photograph of 
the region of Hind's \ariahle nebula in Taurus. Mr. Roberts said 
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that Mr. Eumbam, of the Lick Observatory, had examined this 
region with the 36-ft. refractor, and found a very small condensed 
nebula near where Mr. Hind's nebula was supposed to be. The 
photograph did not show any nebulosity, or nebula, or nebulous 
star anywhere about the region referred to, though the exposure 
extended during 3 hours, and therefore nebulosity of a very faint 
character should have appeared afber such an exposure. He sug- 
gested that probably some rapid- changes had taJcen place in the 
nebula seen by Mr. Burnhaiu, otherwise it should have appeared 
on the photograph. The planet Septune «ith ita sfttelfite were 
shown on the photograph, and though the satellite was so faint, 
ita disc was a strong black spot on the film of the negative. 

Photographs of Neptune and its satellite were shown. In all 
16 photographs of the planet were taken between December 1890 
and February 1891, with exposure of the plates varying between 
15" and 3 hours. The satellite was shown upon 8 of the plates, 
and a di^iram was projected on the screen to show the positions 
of the satelht* with reference to the planet on those 8 days. The 
star number 699 zone ig° of the Durchmusterung, magnitude 
9-4, was partly covered by the planet on the 12th December, i8go, 
and the diagram showed the relative position of the planet, star, 
and satellite on that date. The photographs did not indicate the 
existence of any other satelhte than the one discovered by the late 
Mr, Lassell. 

Mr. BoberU also showed a photograph of the cluster 44 M Cancri 
(the Prffisepe). The photograph was taken on February 13, 
iSgt, and the enlargement presented was intended as a chart of 
the stars between E.A. S*" 30'" and S*" 38", Declination north 
19° 19' to 21° 19', covering 4 square degrees of the sky. The ex- 
posure was given during 90"" in the zo-in. reflector. No upbultp 
were shown on the phot<^aph. 

Mr. Phimmer gave a short account of Prof. Pritcliard'g paper on 
" Further Experiments regarding the Magnitude of Stars, as ob- 
tained by Photography at the Oxford University Observatory." 

Notwithstanding all that had passed at the Paris Congress, and 
before and since, there still seemed to be great doubt as to the 
time necessary to produce a satisfactory impression of the fainter 
stars. For instance, the Astronomer lioyal had, in a paper com- 
municated to the Society in March, proposed an exposure of 90 
seconds as sufficient to record an eleventh-magnitude star, while 
Prof. Pritcbard had stated in a paper sent to the French Congress 
that 200 seconds were necessary. Still greater difficulty existed 
in determining the proper time for the impression of a fourteenth 
magnitude. 

With a view to clearing up these discrepancies, a series of ex- 
periments had been made in the first place in the region occupied 
by Prof. Peters's charts, and again in the zone allotted to Oxford. 
In each case the stars impressed on the photographic plates were 
photometricallv examined by the wedge, and the magnitudes accu- 
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rately determined. The result was that the previous conclusions 
to which Prof. Pril chard had been led were completely confirmed ; 
and therefore it must be accepted as a fact that a great difference 
in time did exist as necessary for the production of stars of a 
definite magnitude in various instruments. This difference, how- 
ever, did not affect ihe arrangements for the Congress, which pro- 
posed that each Observatory should determine for itself the time 
required to produce a definite black image of stars of the eleventh 
magnitude. In connection with this subject Prof. Pritchard offered 
to determine the magnitudes of a number of eleventh-magnitude 
stars as a supplement to the method suggested by the French 
Committee. 

With regard to the fourteenth magnitude, Prof. Pritchard de- 
scribed the means he had taken to ensure the production of such 
faint stars on his plates, and the difficulties encountered in accu- 
rately determining the magnitudes as photometrically conceived. 

It had been stated very definitely that an increase in the intensity 
of light was exactly equivalent to a proportionate diminution in the 
time of exposure. This proposition it was impossible to controvert, 
because we could not estimate the whole of the molecular action. 
But if the diameter of the star-image were- accepted as a criterion 
of the amount of actinic action, then the law did not hold. For 
since every magnitude differed from the next lower by two and a 
half times the light, it was evident that on a series of exposures 
being made for durations, each of which exceeded the one previous 
by 2i times the amount, the diameter of the consecutive magni- 
tudes should be equal. For instance, if with an exposure of 20 
seconds a star of the third magnitude had a diameter of 9", 
then on exposing for 50 seconds a star of the fourth mag- 
nitude should also have a diameter of 9", and on continuing the 
exposures 2i times this length each successive magnitude should 
have the same diameter. Prof. Pritchard showed that this law did 
not hold on his plates, and argued from this fact that it was unsafe 
to infer that a definite photometric magnitude must necessarily be 
impressed because the plate had been exposed over a certain time. 

The following papers were announced : — 

A'. D, yaetjamvala, " On the Character of the chief line in the 
Nebula in Orion." 

ne Astroiwmtr liotfal. ^* On a new Dome at the Eoyal Obser- 
vatorv, Greenwich.*' 

Jintac Jioberts, " Photographs of the Region of Hind's Variable 
Nebula in Taurus.'' 

Isaac Hohrrts, ** Photographs of Neptune and its Satellite." 

Isaac Uobert^, *' Photograph of the Cluster 44 M Cancri (the 
Pi'a^epe).'* 

Prof, C, Pritchai\(, *' Further Experiments regarding the Mag- 
nitude of Stars as obtained by Photography at the Oxford Uni- 
versity Observatoiry,'* 
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Alfred Henry Fisort, D.Se., Univeraity Collega, Gower Street, 
"W.C. ; Thotnas Gordon, 9 Scotch Street, Whitehaven ; George E. 
Hah, JS.Se., 4545 Drexel Boulevard, Chicago, U.S.A., were duly 
d i'ellowa of the Society. 



The following Ciiadidatts was proposnd _for election fo the 
Society :- — 

Oliver J. Lodyt, D.Sc, LUD., F.R.S., 2 1 Waverley Road, Liver- 
' pool (proposed by &. H, Darwin). 



BRITISH ASTRONOMICAL ASS0CL4TI0N. 

The seventh ordinary Meeting of this Association was held in 
Barnard's Inn Hall, Holborn, on May 27, 1891, Ur. W. Hugging, 
"Viee-Presideut, in the Chair. 

The names of ten Candidates for admission were read and ordered 
for suspension, and twenfcy-foiir Members were duly elected. 

Dr. Gill then gave an account to the Meeting of the principal 
deeiaion arrived at by the International Astro photographic Com- 
mittee which met recently at Paris. One injportant result was, 
he said, the adoption of the rcseau. Another was the decision as 
to the plates for the Catalogue, These plates were to each have 
two exposures, one long enough to give measurable images for 
stars of the nth magnitude, the other just half as long, yet suf- 
ficient to show stars of that magnitude, though iaintly. This 
decision placed the Catalogue beyond dispute. Then came the 
plates for the Chart. These were to extend to the 14th mag. 
But instead of defining the i4!h mag. an arrangement was adopted 
which would secure a uniform system for all the observatories. 
Then further the Catalogue plates were to be pushed on with, but 
the Chart plates were by no means to be neglected. The Con- 
ference had laid the bases of a system of sidereal astronomy, for 
which our descendants zoo or 300 years to corae would give us the 
heartiest thanks. 

Dr. GiU then described the new equatorial coude of the Paris 
observatory, and the most ingenious extension by M, Cornu of the 
''Cavendish experiment"' for determining the density ot the earth. 

He nest referred to the recent work of the Potadain Obser- 
vatory, and declared it as his opinion that it was not only possible 
but probable that with more powerful instruments the solar parallax 
might be indejjendently determined from observations of the 
motions of stars in the line of sight. He had also visited Dr, 
Kapteyn at Groningen, who was measuring the plates Dr. Gill had 
taken at the Cape. Seventy per cent, of the work was already 
done, and probably by the end oE the year the results would be 
(•eady in catalogue -form. 

The Rev. A. Freeman read a paper on an eclipse of Titan by 
Saturn. 
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Mr. Cottam read two papers by Mr. Keeler and Mr. Stanley 
Williams on the Eed Spot of Jupiter, with reference to M. Niesten's 
observations published in the February number of the ' Journal.' 

Mr. Green spoke on the work proposed to be undertaken by the 
Saturn Section, of which he had been appointed Director ; and 
Mr. Maunder read a paper on Stars of the First and Second Tjrpes 
of Spectra, in which he argued that difference of type rather meant 
difference of constitution than difference of age, and that on the 
average the Solar stars appeared to be larger than the Sirian. 



MEETING OF THE EOTAL METEOEOLOGICAL 

SOCIETY. 

Wednesday, May 20, 1891. 
Mb. Baldwin Latham, M.Inst.C.E., F.G.S., President, in the Chair. 

The following papers were read : — 

1. "On the Vertical Circulation of ["the Atmosphere in relation 
to the Formation of Storms," by Mr. W. A. Dines, B.A. Of two 
theories which have been suggested to account for the formation 
of storms — (i) the convection theory, that the central air rises in 
consequence of its greater relative warmth produced by the latent 
heat set free by condensation ; (2) the theory that storms are cir- 
cular eddies produced by the general motion of the atmosphere as 
a whole — the author prefers the convection theory, but he thinks 
that more information about the temperature of the upper air is 
greatly needed.. 

2. " On Brocken Spectres in a London Fog," by Mr. A. W. 
Clayden, M.A. During the dense fogs in February last, the 
author made a number of experiments with the view of raising 
liis own " spectre." This he ultimately succeeded in accomplishing 
by placing a steady limelight a few feet behind his head ; measure- 
ments and photographs of the spectre were secured. 

3. " An Account of the * Leste,' or Hot Wind of Madeira," by 
Dr. H. Coupland Taylor. 

Mr. Shelf ord Bid well, M.A., F.E.S., showed the effect of an 
electrical discharge upon the condensation of steam. The shadow 
of a small jet of steam cast upon* a white wall is, under ordinary 
conditions, of feeble intensity and of a neutral tint ; if the steam 
is electrified, the density of the shadow is at once greatly increased 
and it assumes a peculiar orange-brown hue. The electrical dis- 
charge appears to promote coalescence of the exceedingly minute 
particles of water contained in the jet, thus forming drops large 
enough to obstruct the more refrangible rays of light. It is sug- 
gested that this experiment may help to explain the intense dark- 
ness, often tempered by a lurid yellow glow, which is characteristic 
of thunder-clouds. 
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Observatories. 



Notes on Visiis to some American Observatories. — III. 

[Cpntinueil from p. iga.] 
Fob greater Euciiity in verifying vuriubility, Prof. Piokeririg haa 
devised and completed the preliminary teats of a, new pbotographie 
photometrie method, whiirh promiaeo to give excellent results on 
tbe wbole^le seale by the use of a doublet. A small prism of 
we'-y small anfjle is attujjhed to a photogrnpbic doublet of short 
focal length aud luountod enuatoreally. The prism covers a very 
small fraction of the apeiture of tho doublet, and is intended to 
produce a small deviation with as littlo dispersion as may be. A 
photographic plate is set in position, and the arrangement is 
pointed to a star. In place of a single image of the star, two 
photographic images are got, separated by an interval depending 
on the focal length of the doublet and the deviating power of the 
prism — one small image due to the ]>risin-covBred part of the aper- 
ture, and one large image due to the uncovered part. Suppose 
stars Aj, Bq, C„ to be photographed — each main image. A, B, C, is 
accompanied by a companion a, b, c. It is easy to distinguish 
artificial companions froru main images of other faint stars, and 
comparison may be instituted between, let us say, a and B and C, 
which from the nature of the stars may be a much more advan- 
tageous compansou for the detection of variability than a com- 
parison of A with B aud G. For instance, suppose the relative 
brightnesses are represeut^d by 990, 9, and 11, aud that the 
relatioQ between main image and companion is 99 : 1, we have 
then on the plate what we may represent thns : 

990 



■09 -11 

tho dark, ligures denoting main images, tbe light ones, to the south- 
east iu each ease, denoting the artificial companion. And it is 
clear that for detection of variability a comparison of plates 
containing 9, 10, and 11 at different epochs is better than one 
between plates containing only 990, 9, and 11, on account of 
the nature of the law connecting siae of photographic image with 
star magnitude and exposure. 0)ie has all needful informaliou 
for a given epoch on a given plate, and for this reason many 
obiections that would present themselves at first sight, such as 
difference of diffraction pattern, and dispersion, seem to disappear. 
Here there is work for a cohort to attack, and who knows but that 
there is in store for it an incidental romance like that of the dis- 
covery of the duplicity (I do not refer to any moral obliquity) o£ 
Auriga; ? To see the origiuaJs of many of the photographs of 
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this double and of many other interesting spectra, such as that of 
1) Argus, was another of the treats with which Prof. Pickering 
regaled me ; but I must not dwell on the interesting points still 
needing further elucidation in the case of the /3 AurigaB photo- 
graph. Nor must I attempt to warm my readers by an account 
of Niagara, which we visited after leaving Boston, and found in 
all the majesty of perfect winter plumage. Whilst at Boston I 
made a day's excursion to Worcester, where Prof. E. Michelson, 
of the Clark University, most kindly showed me his beautiful 
experiments, in which he makes optical interference phenomena a 
powerful weapon wherewith to attack various questions of mole- 
cular physics and astronomical measurement. 

In vol. xxxix. of the Amer. Journ. Sci. (1890), and in the 
'Philosophical Magazine,' vols. xxx. (1890) and xxxi. (1891, 
April number), are three papers by Prof. Michelson on the 
subject, and they will be found to repay careful study. In the 
second paper he writes : — " The simplest way of effecting this [the 
conversion of a telescope into a refractometer and consequent in- 
crease of accuracy ten or even fifty fold] is to provide the cap of 
the objective with two slits adjusteble in width and distance apart. 
If such a combination be focussed on a star, then, instead or an 
image of the star, there will be a series of coloured interference- 
bands with white centre, the bands being arranged at equal dis- 
tances apart and parallel to the two slits. The position of the 
central white fringe can be marked from ten to fifty times as accu- 
rately as can the centre of the telescopic image of the star. One 
of the most promising applications of the method is the measure- 
ment of the angular magnitudes of small sources of light." If the 
angular magnitude as seen from the objective is equal to 

wave-length of source considered homogeneous 
separation of the slits 

the fringes disappear, according to the usual statement. With a 
given source, as the separation of the slits increases from nothing, 
the fringes pass through maxima and minima of distinctness — the 
result of the fact that in the focal plane of the objective we have 
to deal with the effect of the superposition of the interference 
patterns due to each element of the source, account being taken of 
the distribution of light on the source. 

Before we can measure the diameter of a source a knowledge 
of the distribution of light over it is necessary. But the mere exist- 
ence of maxima and minima of distinctness which might be detected 
in observing a star would at any rate show that the star subtended 
an angle greater than that subtended by the wave-length of light 
at a distance less than the diameter of the objective. At Harvard 
experiments are being undertaken at Prof. Michelson's request to 
test the question. 

Allegheny was the next point to which astronomical interests 
took me, and here I spent a few hours enjoying the kindness of 
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Mr. Brashear, in whose workshops I saw great activity and some 
beautiful optical work. He has on the stocks several spectroscopes 
for large instruments, notably one for Prof. Young, who demands 
all imaginable conveniences suggested by his experience ; whilst 
Mr. Brashear realizes them with all the zest of an enthusiast. 

Mr. Very kindly showed me the observatory where so much of 
Prof. Langley's work was done : one feels there that the bird is 
flown, and it is to be hoped that at the Smithsonian Institute at 
AVashington the press of executive work, which falls on Prof. 
Xiangley as director, will not completely absorb energy that could 
so well find other outlets. The wooden buildings behind the 
Institute already contain many engines of war, notably the splendid 
lieliostat of Grubb's construction and the stand for the bolometer, 
licaving Allegheny early in the morning, we travelled over the 
^ery finely engineered line crossing the Allegheny Mountains, and 
:«*eached Princeton in the evening. Prof. Young had not hesi- 
"tated to put off an engagement on my account, a kindness for 
which I am still conscience-stricken but very grateful. We spent 
some time in the Halstead Observatory ; it was again my good 
fortune to have a very fair observing night, and we turned the 23" 
on to the Orion Nebula, to Aldebaran and his companions, Neptune 
and his satellite, 32 Orionis, and some other objects, more than 
enough to give one an idea of the excellence of the glass. The lenses 
of the objective are separated by a considerable interval, the flint 
being of appreciably smaller aperture than the crow^n, the combina- 
tion having an effective apelfture of 23". The spectroscope, when 
not in use, is kept in a sliding framework, by means of which the 
attachment to the telescope is facilitated, a matter of considerable 
importance when the telescope is used for varied purposes. 

From Princeton we travelled with Prof. Young to New York, 
enjoying much the opportunity of some talk on astronomical ques- 
tions. In speaking of solar observations and the difficulties arising 
from unequal heating of the air in the tube of the telescope, about 
which I had asked him. Prof. Young mentioned the interesting 
fact that he had frequently noticed that on throwing the telescope 
from dne side of the pillar to the other the observing was bad for 
ten or fifteen minutes. Lord Eayleigh has dealt with the disturb- 
ance to definition arising from temperature differences, and calcu- 
lates that a difference of 1° C. in a stratum of air occupying a 
moderate fraction of the total volume in a horizontal tube will 
produce a not insensible effect on definition when the length of the 
tube and stratum is 1 2 centimetres ; the difference of temperature 
producing a given disturbance varying inversely with the length, 
difficulties are magnified in large instruments. 

Our plans led us again to pass through New York without stay- 
ing there, and this time passed by day, plunging into the stream of 
humanity that pours up the stairs leading to the overhead railways ; 
and so we reached Newhaven. 

We found Yale in a state of festivity, which reminded us of our 
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May week, not leaet in the matt«r of weather. Here we spent 
uouple of days, and Qr. Elkin showed me the hdiometer with 
which ho has made his well-kuown measurements for the deter- 
mination of stellar parallax. The weather hod changed and the 
thaw set in with storma of rain and steaming moisture, and I still 
lliink with some disquietude of the dripping condition of that tine 
instrument which l)r. Ellrin has embellished with so many con- 
venient devices of lighting and automatic reading, in addition to 
those with which it abounded. This is, I believe, the only helio- 
meter at preaent in the United States. The splendid use which 
Dr. Elkin has made of it makes one wish that he would devise 
some method of obtaining wholesale measurements ; but I think 
that even he would doubt the feasibility of a heliometer-doublet. 
Prof. Newton, with whom Dr. Eikin made me acquainted, extends 
hie investigations of meteorites in all directions, even into mediaeval 
paintings, for he has studied the Fireball in Raphael's " Madonna 
di Foligno," and uito remoter antiquity, for he has his eye upon 
the huge stones in Greek temples supposed to have been of meteorio 
origin ; and his collections of small meteorites — one lot of nearly 
three hundred collected from a very small area in Dacota — are 
peculiarly interesting. 

1 have passed the bounds that I had imposed upon myself for 
my notes, and I must hesitate before giving my Hungry Editor an 
indigestion — the food has been too simple for any fear of gout ; 
but I cannot conclude without saying that, though 1 hope I have 
pictured something of .the kind of interest and pleasure we have 
derived from our visit to America, I can do little to convey any 
id<m of the many memories of kindest hospitality and of courteous 
thoughtf Illness in helping a hurrying traveller to attain the object 
of his visit. H. T. Newall. 



" Smithsonian " Astro-Pkyatcal Observalort/. 
Thk Smithsonian Institution has established aa one of its depart- 
menks a Physical Obserratory which, with the iuatruments, has 
been supplied from the tjmithsouiaii fund. It occupies at present 
n temporary structure, though funds have been sut^cribed for a 
permanent building when Congress shall proride a suitable site. 
For the mainlenauee of the Oteemitory an appropriation has been 
made by Congross which will become available on the ist of July 
1891, The actual instnimental work of the new Obsen^atory wiU 
necessarily devolve lai^Iy upon a Ijenior and a Junior Aissistant, 
who have not vet beeu appointed, who can devote their entire 
time to rewaivh, and it is hoped that with the improved apparatus 
it <n-ill be poasiUe to prosecute advauti^i^oD^y investigaticms in 
TiOhtrii* and Aslro-physic$, and ^virticiilarly those with the bolo- 
mi-ter in nuliaul energy. 



I 
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In affliepting the position of Assistant Secretary o{ the Smith- 

soaiau Institution in 1887, Mr. Langley retained the Directorship 

of the Observatory nt Allegheny for the purpose of completing the 

reaearehea begun there ; and after his appointment as Secretary of 

tha Institution, he Btill continued Wie titular Directoreliip, though 

but a limited amount of time could be spared trom his official duties 

at the Capital. With the completion of the equipment of the little 

Observatory at Waahington, he, however, formally resigned, on 

April 30th, 1891, the Direotorship of Allegheny which he had 

held since 1S67, and hewill,Bofaras hisadministrativeoccupatious 

permit, give personal attention to the general directions of the 

inveatigationa. 

The class of work which ia referred to does not ordinarily involve 
t:Iie uae of the teleacope, and that which is contemplated is quite 
•distinct from what ia carried on at present at any other OhHervatory 
in the United States. The work for which the older GJovemment 
<Dbservatories at Greenwich, Paria, Berlin, and Washington were 
founded, and in which they are now chiefly engaged, ia the deter- 
aminatioa of relative positions of heavenly bodies and our own place 
"^vith reference to thein. Within the past twenty years all these 
<3ovenimcnta, except that of the United States, have established 
-Aatro-Physical Observatoriea, as they are called, which are, as is 
~^vell known, engaged in the study o£ the heavenly bodies as distinct 
from their positions ; in determining, for inarance, not where, but 
"^irhat the Sun is, how it affects terrestrial climate and life, and how 
:it may best be studied for the purposes of the meteorologist, and 
:ior other uses of an immediiitely practical nature. 

The new Observatory is established for similar purposes. Ita 
«>utSt includes a very large Siderostat (recently completed by Grubb), . 
■which is mounted in such ft way as to throw a. beam of light hori- 
zontally in the meridian. It is intended to carry a mirror of ao 
inches diameter, and is, perhaps, tlie most massive and powerful 
anstrument of its kind ever constructed. Within tha dark room 
is mounted another large instrument, the spectrobolomeler, which 
is, in efiect, a large spectroscO[»e with zo-inch circle reading to j", 
specially designed for use with the bolometer. It was made by 
Wilham Grunow & Son, o£ New York, as the outcome of Mr, 
lAngley's experience with smaller apparatus during his earlier 
investigations. The most important part of the instrumental 
equipment ia completed by specially designed galvanometer- scales 
and a peculiar resistance-box ; and these three instruments used 
in conjunction with the bolometer, and perhaps with the aid of 
photography, will he employed in the investigation a upon light, 
Beat, and radiant energy in general, for which the Observittory is 
primarily intended, though some departments of terrestrial physics 
may also receiye attention. 
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A Papal Brief on Astronomy. 

Is the interesting editorial article in the May number of the 
' Observatory' entitled "The Astrophotographio Ohart," reference 
was made to the munificence of His Holineaa Leo XIII, in founding 
an ohservatory at the Vatican, and endoiving it especially aaone of 
the associated obaervatoriea for the t'urtlierauce of the work of the 
photographic map. The document hy which the Holy Father 
signifiea his good pleasure in this regard is wnfflciently important to 
merit a more detailed notice. It is propased therefore to give a 
digest of the brief, adding a few explanatory notes, and translating 
the passages of greatest moment. The brief bears the title " Of 
the Ee-establiahment and Extension of the Vatiijan Observatory ." 
It opens by rebutting the charge, eornetimes made by the ignorant 
and ill-affected, that the Catholic Church is an enemy to the 
progress of science. The Supreme Pontiff recalls the services of 
, the Church not only as regards the sacred sciences, but also in the 
matter o": the philosophical, moral, and social sciences. " Nor has 
She been neglectful of those sciences which have as their aim the 
study of nature and its forces." This She has done by founding 
schools and museums, and by rewarding and encouraging such of 
Her children as have been distinguished in their pursuit. His 
Holiness proceeds ; — " In the first rank of these sciences shines 
astronomy, the object of its investigations being the stars, which, 
more than any other inanimate objects, recount the giory of God 
.... Now the Sovereign Pontiffs have an especid motii'e for 
favouring the progress of this science and for encouraging those 
who devote thenselves to it, in the fact that by its means alone can 
those days be determined with certainty which have been set aside 
for the celebration of the greatest and most religious ceremonies of 
the mysteries of Jeeus Christ.'' 

The nest few paragraphs are historical and contain some inter- 
esting details. They record that, in order to carry out the reform 
of the Calendar insisted upon by the Council of Trent^ Pope 
Gregory XIII. constructed a tower in the Vatican to be used as an 
observatory. In this tower a round marble table was erected, upon 
which Ignatius Danti of Perugia drew a meridian hne. The table 
was likewise engraved with astronomical signs, and served as a 
sun-dial. The tower haviug fallen into disuse was under the 
pontificate of Pins VI. at the end of the last century restored to 
its original purpose. "Then by the zealous care of Philip Gili, a 
Boman prelate, other observing-rooms were added for researches 
on the magnetic current, the weather, and the life of plants," Tliia 
observer dying in iSai, the observatory of the Gregorian Tower 
was for the second time alienated from its proper purpose. But 
Leo XII. in his Apostolical Letters entitled " Quod diviiia 
Kupuntia" again made dispositions concerning the taking and the 
publication of astronomical observations. Other sites, however, 
wore preferred to the Vatican, on account of the horiKon of the 
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latter place being impeded by the dome of St. Peter s. Th^ refeYenicet 
is doubtless to the restoration of the Eoman College and ita^ 
observatory to the Fathers of the Society of Jesus in 1824. ' This, 
observatory, in which Oiavius observed Tycho's star in Cassiopeia 
in 1572, had been the scene of the labours auiOQg others of thei 
Fathers Scheiner, de G-ottingues, Asclepi, Borgondi, Maire, and 
Boscovich. After its restoration it was directed by Fathers 
Dumouchel, Di Vico, and Secchi. On the death of the last-named 
in 1878, it was together with its instruments, the gifts of Popes* 
Generals of the Society, and other generous benefactors, appro-* 
"priated by the Italian Q-overnment. It was their good fortune td 
find such a distinguished observer as Signer Tacchini to carry on 
t>lie work of the institutipn. Leo XII. also added to the University 
of Brome the observatory of the Capitol, and he entrusted it to the 
c^harge of J. Calandrelli. Pius IX. appointed Brespighi as its 
ciirector, who held the post until his death. : 

But to return to the present brief. The Pope proceeds : — *' But 
f ter these places with the rest of the city had fallen into the powet 
f the stranger. We received, amongst many other presents .on th© 
^iDCcasion of the fiftieth anniversary of our priesthood, several 
instruments of perfect construction for the use of learned men* who 
<^^re devoted to celestial, atmospheric, and terrestrial observations. 
^^Vten most experienced in physical sciences considered that there 
"^vas no place more fitted for their reception than that very same 
">vhich Gregory XIII. seemed to have prepared for them in the 
^)alace of the Vatican." In the next paragraph he states that he 
Xias given orders that the observatory should be "provided and 
burnished with all things necessary, not only for astronomic^ 
studies, but likewise for physical researches, and for the knowledge 
^f atmospheric phenomena." In order the better to secure a freo 
iorizou he commands that an annexe to the observatory should (b« 
^tablished in the Leonine Fort which surmounts the Vatican hUL 
" We have given orders for the installation in this place of the 
^arge optical instrument which is called an equatorial, and which; is 
Constructed for the purpose of receiving the photographic images 
of the stars. To this end, We have chosen competent and experii- 
^Uced men, capable of carrying out all that is required for the 
^complishment of this enterprise, and We have placed at their 
head a person well versed in matters astronomical and physical^ 
l^^ather Francis Denza, of the clerks regular of St. Paul, called 
fiariiabites. Trusting to their skill. We have willingly consented 
^Uat the observatory of the Vatican should be associated . to, and 
should enter into joint labours with, the other distinguished insti- 
tutions established for the progress of astronomical science, which 
Have been charged with the care of drawing up photographic tables, 
Nvhich will permit of the construction of a perfect picture of the 
entire heavens with the multitude of stars which cover it." 

The next paragraph states that in order that the work may be 
of a permanent character a committee has been chosen, and a con- 

r2 
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fititution drawn up for their guidance, which are "by these presents 
solemnly confirmed, and it is Our wish that this establishment 
should hold the same rank as the other Pontificial institutions set 
aside for the cultivation of science." Moreover, a capital sum is 
allotted the interest on which will suffice for its maintenance and 
preservation in a befitting manner. " Bdt for its prosperity in 
the future "We rely more on the favour and help of Almighty Qrod 
than upon human precautions ; for in this undertaking We have in 
view not only the progress of a noble science, which more than any 
other human study raises the mind of man to the contemplation of 
heavenly things ; but We have above all set before Ourselves that 
which has ever been from the beginning (of Our Pontificate) the 
object of Our concern and the aim of Our efforts, to show to all 
men, on every occasion that presents itself, both by Our words, by 
Our writings, and by Our deeds, that the Church and Her pastors, 
as We have said at the beginning (of this brief), far from hating 
true and solid science, as well in things human as in things divine, 
favour, protect, and actively help its progress with all their 
power." 

" Wherefore We will that whatsoever We have ordained and 
decreed by these present Letters shall remain ratified and confirmed 
in the future, as they are at present, and We declare null and 
void all that may be done to the contrary, by anyone whatsoever. 
And this all to the contrary notwithstanding. 

" Given at St. Peter's in Eome, the 14th day of March 1891, the 
year XTV. of Our Pontificate. — Leo XIII. Pope." 

It will have been noticed how anxious the Holy Father is that 
the present observatory should be established on a firm and 
permanent basis. To ensure this still more he has affixed to the 
title of the present letter the clause " motu proprio," A few remarks 
on the force of these words when they occur in the superscription 
of a Papal brief may not be out of place here. Their technical 
meaning in a court of canon law is that the Pope was not moved 
in the granting of a favour, for example a benefice, by the instances 
or petitions of any person, even in the case when such instances 
preceded the issue of the brief, but that it emanates from his own 
spontaneous action. The force of the additive clause is this, that 
the brief which bears it cannot as a rule, for there are three ex- 
ceptions not necessary to specify here, be impugned in the law 
courts on the score of " subreption," which is a concealing of the 
truth, or the omission of any formality required to be expressed 
therein. It could, however, be quashed on the score of " obreption " 
should it set forth what is evidently false. We can only conclude 
with the wish that the hopes of the Holy Father may not be frus- 
trated, and that the observatory of the Vatican founded by his 
munificence may enter on a long and prosperous career. 

A. L. COBTIE. 
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Comparative Excentricities Illustrated Graphically. 

If we coDstruct a diograia in which the aids of x ia taken as the 
" axis of excentricity," and that of y as the " axis of number of 
orbits," we may illustrate graphically the distribution of orbits aa 
respects the different regions of excentricity. In the aocompaning 
fi^re such a lepreseatation is made for the binary, planetary, and 
cometary orbits. The binary curre is conatriicted from a table of 
63 orbits — all that have been computed. The mean excentricity 
ia 0-45. and the diagram shows that the orbits are symmetrically 
distributed, and nearly in a probability curve. 
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Aiis of eicentriiiity. 
Oahod efg hij= Curve of distribution of the orbits of atellar BjBtemi. 

a' i' b' if = Curve of diitributioii for the plaoetnry ajslam. 
(f ^ r 3' *' i j' i — Curve of cometary orbitul diatributioa. 

The orbits of the great planets and their satellites are nearly 
circular, the mean excentricity being less than 0-0389, or about on« 
twelJVi of the binary mean. 
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The cometary orbits, on the other hand, are nearly parabolic. 

Owing to the great number of cometary orbits the parabolic 

^ordinate of the curve is drawn on a somewhat reduced scale ; and 

as the hyperbolic orbits are somewhat doubtful, only the probable 

natui*e of that branch of the curve has been indicated. 

Accordingly, in the diagram we see at a glance the curves of distri- 
'bution (as respects excentricity) of the three great classes or species 
of cosmical orbits. This graphical illustration may be regarded as 
an emphatic indication that the stellar systems are the products 
of. a general process of nebular evolution, and not the results of 
fortuitous approximations, as are the Comets which have entered 
the sphere of attraction of the Sun. T. J. J. See. 

University, Berlin, 1891, May 18. 



Selenographical Notes. 

Janssen. — This large irregular walled-plain is familiar to most 
telescopists mainly on account of the prominent rill-like valley 
traversing it from north to south, a feature which, under a low Sun» 
may be seen with as small an aperture as 2 inches, while with 
greater magnification it is one of the most noteworthy objects of 
its class on the lunar surface. The observer whose scrutiny of the 
formation has been principally confined to an occasional view of 
this curious valley, is aghast when he turns to Schmidt's Chart, 
Sect. 24, and sees the intricate detail shown both within this great 
enclosure and in its neighbourhood, contrasting in this respect so 
strongly with Madler's representation, and still more so with that 
of Neison. There are possibly still some who may be inclined to 
question whether in this and other instances the crowd of crater- 
lets large and small, the great assemblage of ridges, hills, and other 
minuter features, all have an actual existence, especially as not a 
tithe of them can, as a rule, be traced on any one given night, even 
under the best conditions. When the map was published, it must 
be confessed that I was among the doubters ; but subsequent 
experience has tended year by year to increase one's admiration of 
this noble achievement, and to show that this scepticism was due 
to the lack of that well-nigh exhaustive acquaintance with most of 
the lunar formations which Schmidt had acquired during long 
years of patient observation. It must, nevertheless, be admitted 
that with all its marvellous accuracy and fullness of detail, it is 
very unequal, displays some most unaccountable omissions, and is 
usually far from satisfactory in the portrayal of ridges and central 
mountains. As regards the latter features, however, it is pretty 
certain that its imperfections must be attributed to a coarse s.tyle 
of reproduction, for which the author was not responsible. To 
return to the drawing of Janssen : Schmidt shows the great rill- 
like valley as commencing at a deep hole or depression under the 
south wall of Fabricius, and following, with its width undiminished 
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a slightly curved (.'Onrse (tiie couveiity being turned towards the 
east) to a group o£ hilla sir.uated about midway between this 
formaiioD and tbe southern limita of the enclomire. South of 
the central hilla the valley, becoming much narrower, aeems to 
differ in no essential particular from a true rill. At a point a 
Uttle south of the central hills a second cleft (Ntisoa's (f) branchea 
from the west aide of the vaDev and runa up to the foot of the 
south-west border of J^anasen, where it terminates at a small deep 
pit. On April 13, 1891, 8'' ta g'', these features were well seen, 
nnd, in addition, two other distinc-t clefts not shown in the maps. 
The first, commencing at an isolatijd mountain a Uttle east of the 
poiut of junction of ^ with the great valley, runs nearly parallel 
to the kttnr up to the foot of the southern wall of Jansaen ; the 
second, originating at this eud of the first, runs for some distance 
at the foot of the border, passes the southern terminstioa of the 
great valley, and then, runniog obliquely up the inner slope of the 
wall, terminates about midway between the top and bottom of thia 
decUvity at a bright oval mountain. These clefts were steadily 
seen with powers 284 and 350 on my 8^-in. Calver, and were 
traced nearly as distinctly, under a mucli higher angle of illumina- 
tion, on April 15, 8'' 30". On the east side of Fabricius, in the 
ringed region between this formntion and the border of Janssen, 
are two curious long linear markings which croaa each other near 
their eastern extremities. One appears to agree as regards 
position with part of a narrow valley drawn by Schmidt, the 
other is not shown. Both seem to be coarse clefts or very narrow 
depreasions between parallel longitudinal ridges. Only a central 
peak is shown in the interior of Lockyer by Sfadler and Neison, 
while Schmidt draws a peak on the north-east side of the floor 
and two Biiinll craters on the opposite side. On April 15th this 
peak was obrious, and in addition, a crater, much larger than either 
of those shown by Schmidt, was noted on the floor at the foot of 
the aottth-weat wall. No trace of the other could be detected. 
Careful sketches are much needed of that very remarkable forma- 
tion Fabricius, and ita companions on the north and west, Metjua 
and Fabricius a. The first, in addition to a somewhat complicated 
terraced western border, has an inner concentric wall like Tarun- 
tiuB, the eastern section of which appears at certain phases of 
illumination to be associated with the eastern wall of Metius. 



Selhnobbaphical SnmiES by M. Victok Nielsen of Copbit- 
HAOEN. — Seven carefully executed drawings, accompanied by 
descriptive notes, have been received from this observer relating, 
I and 2, to Agrippa ; No. 3, to Plinius ; No. 4, to Hyginus ; and 
Nos. 5, 6, and 7 to the Triesnecker riU-system. They have been 
well reproduced in the Miirch number of the 'Journal of the 
British Astronomical Association." With respect to the dark line 
noted as crossing the wall -enclosed plain west of Agrippa, it ia 
probably either a fault or the shadow of a ridge and not a cleft. 
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I have observed it many times, but have never been able to see 
any indications of an opening in the surface. The two crater-like 
depressions on the central mountain of Plinius, observed by Prof. 
Thury and subsequently by M. Nielsen, were seen simultaneously 
by M. Gaudibert and myself on January 25, 1882, and a sketch of 
the formation from my drawing published in the * English 
Mechanic' the following week. The curious depression in the 
inner slope of the eastern wall of Plinius is well shown by M. 
Nielsen, as is also the crater on the south border. Two craterlets, 
on the northern quarter of the floor, usually conspicuous under a 
low Sun, seem to have escaped notice. The white central point 
within Hyginus, observed 1890, Jan. 28, 7** 15", doubtless re- 
presents part of the raised border of the cleft which traverses the 
floor. M. Nielsen's observations were made with a 6^-inch achro- 
matic by Eeinf elder and Hertel of Munich. 

Beaumont House, Shakespeare Boad, Thos. Qwtn ElGEB. 

Bedford, 1891, May 19. 



CORRESPONDENCE. 

To the Editors of ' The Ohservatm^y,^ 

La Carte du CieL 

Messieurs les £diteites, — 

La notice que vous venez de publier dans V Observatory, au 
sujet de ma proposition k la derniere reunion du Comite de la 
Carte du Ciel, sur Tordre dans lequel on pourrait faire les deux 
series des cliches, semble faire supposer que j'attache plus d'im- 
portance au catalogue qu'a la carte du ciel. 

Quand vous aurez lu les Proces-verbaux des 8eances, mal- 
heureusement un pen retardes par la necessite d'attendre les 
epreuves corrigees de Tetranger, vous verrez que c'est une idee 
toute contraire qui a dicte ma proposition. Attachant beaucoup 
plus d'importance k la carte du ciel qu'au catalogue, parce qu'elle 
contiendra trois grandeurs d'ctoiles de plus,]e proposais de la faire 
separement avec tout le soin qu'elle exigera, apres qu'on se serait 
debarrasse du .catalogue en un an ou deux de travail, et que les 
astronoraes auraient acquis une grande experience des precedes de 
photographie stellaire en faisant cette premiere serie, plus facile a 
obtenir d'ailleurs que la seconde ; de plus on pouvait esperer que 
ce retard permettrait peut-etre d'uiiliser encore quelque nouveau 
progres dans les precedes photographiques. 

Le temps total exige pour I'execution des 2 series de cliches sera 
k pen pr^s le meme qu'on les fasse separement ou ensemble. On 
ne retardait done nuUement la terminaison de la carte du ciel eu 
la faisant apres le catalogue ; seulement on aurait pu alors la faire 
avec plus de soin et de succes. Mais, des que j'ai compris que cela 



JiB.'Kme 1891.] Correspondence. 233 

so^^iillevait quelques doates et que I'on pouTBit snpposer compromise 
l'a:3c:«cution de la carte du ciel, je me suis empresse de retirer ma 
piTopoaition. 

Je puis bien vous avouer d'aillears que j'ai ete quelque peu 
ooT^trarie, au congres de 1887, quand j'ai vu emettre le voeu, bien 
in^kttendu pourmoi,de faire 2 series de cliches ; je craigiiais de voir 
compiomettre ainsi la seconde serie de la carte du ciel, qui dans 
D^& pensee devait ponvoir satisfaire k tous les besoius, meme d'un 
cat^ogue ; et ce n'est que sur Tavis des astronomes les plus com- 
P^tente que j'ai vote en faveur de cette nouvelle serie, pensant 
9*i'il J ayait grand interet k ce que toutes nos decisions fussent 
prises k Tunanimite. Votre bien devoue, 

Obaervatoira de Paris, Amiral E. MoUCHEZ. 

13 mai, 1891. 

The Radiant of the August Perseids. 



My observations of the Perseids and of the displacement 
j*? ttieir radiant-point were made entirely free from thecH^tieal 
^^^ for at the time the meteors were recorded and their centres 
^ . radiation determined, I gave the matter no thought as to the 
ttii^^^^^-QQ <Mr the rate in which the radiant should be moving. The 
?^^=^ observed were noted apart from any considerations as to 
^^ Requirements of theory. 

-C^t us now see how the data obtained in this independent manner 

5^^'^i« with mathematical views. Mr. J. Kleiber, of the Imperial 

*^^^^rvafcory, St. Petersburg, has just written a large and elaborate 

^^**k " On the Determination of Orbits of Meteor-streams," and 

l^*^ l>age 328 he says if a meteor-shower constitutes a ring (ellipse) 

^^'^'^ing a definite orbit in space then the elements i and » — ft are 

^Y^^^^tant for all parts of the ring. " This gives a very simple and 

^"^ nt rule for the displacement of the radiant-point of a 

>rie ring, viz. the latitude of the apparent radiant remains 
^^Xstant; longitude increases proportionately to time, but the 
^^^jitities — long, and lat. are constant for every radiant.^ 
"^S^e radiants 1 derived from Perseid showers during the long 
^*"ivity of that stream precisely fulfil the conditions required. 
"^ Kleiber himself is led to remark that his computations 
^x^^^^»tDnfirm the shifting of the radiant of the Perseids during 
- •^ six weeks of the activity of the shower as observed by 
Denning. A glance at the orbits corresponding to all the 
liants related by Mr. Denning to the Perseid shower will show 
dr identity at once " (* Monthly Notices,' April 1891, p. 407). 
The virtual coincidence of my adopted Perseid radiants with 
^ direction and rate of motion which the wide elliptical stream 
^^ Perseids must really show can only be referred to actual 
^^^ntiiy of the phenomena. It is satisfactory to note the agree- 
^^nt and to have this assurance of the accoracy of observation 
ore evidence is eertainly required as to the character and 
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position of the display" during the second week in July and third 
week in August. In the present year moonlight will partly 
ii^terfere at these times, but from about July 28 to August 14 the 
shower may be watched during the interval of its greatest activity 
and the observer will do well to note the displacement of the 
radiant from night to night. He will probably find evidence 
of several minor showers in Cassiopeia near h and f, and in 
Perseus near a-/3, e and /x, but the great stream of Perseids has 
an individual character due to the remarkable abundance of its 
meteors and to the easterly motion of the radiant-point. 

Tours faithfully, 
Bristol, 1891, May 15. W. F. DenninG. 



Mr, Stockwell and Historical Eclipses, 

Gentlemen, — 

In No. 240 of the 'Astronomical Journal,' Mr. Stockwell 
returns to the subject of historical eclipses. I have nothing to 
add to the remarks which you have already kindly inserted from 
me with regard to those which took place before the Christian era, 
except that it appears to me that the authors of ' L*Art de verifier 
les Dates ' have satisfactorily proved from Censorinus that the first 
year of the first Olympiad corresponded with B.C. 776, so that in 
later times the years in which the Olympic festival was observed 
preceded the bissextile years of the Julian calendar. It is well 
known (and this may account for the passage in Julias Africanus 
referred to by Mr. Stockwell) that a mistake was made after 
Caesar's reformation of the calender in the observance of his rule, 
which was rectified by Augustus 36 years after its establishment. 
There seems no doubt that CsBsar arranged that the first year after 
his reformation (when the Julian style came into force) should have 
the intercalary day or be a leapyear, that year corresponding to 
what we call B.C. 45, the year after which CsDsar was assassinated. 

But the principal point to which on the present occasion I wish 
to allude is Mr. Stockwell's contention that, chiefly on the ground 
of some recorded eclipses, it is necessary to alter the received 
dates of Eoman history for a considerable time before and after 
the Christian era, and take the events as having happened one 
year earUer than is generally supposed in our chronology. I will 
show seriatim why I cannot accept his view : — 

I. Mr. Stockwell contends that the death of Augustus occurred 
in A.D. 13, not 14, because an eclipse of the Moon is recorded by 
Tacitus to have taken place during an insurrection shortly after- 
wards of the troops in Pannonia, and he thinks this must have 
been the eclipse of October 7, a.d. i3,ratlier than of September 27, 
A.D. 14, chiefly because the latter took place in the second and the 
former in the first half of the night. I must confess the passage 
in Tacitus seems to me (as apparently it also did to Dean Meri- 
vale) to be most consistent with an eclipse the greatest darkness 
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of which was late in the night or ei'uii towards morning ; and 
wheu we also consider that the eclipse of Octobiir 7, a.d. 13, was 
a emiLll partinl, and that of ijeptember 27, A.i, 14, a total one, the 
latter would seem far more probably to be the one alluded to. 

2. Mr. Stoekwell adduces two eclipses (one of the Sun, the 
other of the Moon) related to have occurred within fifteen days of 
each other early in the reign o£ Vespasian, They are recorded, 
he saja, by Pliny the Youngpr ; but this ia a lapsus plumte for 
Pliny the Elder, as the aceount is in his ' Nat. Mist,' ii. lo. That 
Mr. Stockwell is right in considering the two eclipses to be thot 
o£ the Moou on March 4 and of the Sun on March 20, in the year 
AJJ. 71, I have no doubt whatever. But it is imjKissible to con- 
clude that fliia was in the third year of Vespasian's reign. PHny 
gives the consulates, and there is much doubt as to what the true 
reading of the passage is. If he means the third eoiuulale of 
Vespasian (aa seems most likely), that would be the year a.d. 71 
and the first year of the emperor's reign. There seems therefore 
to bo no ground whatever here fur altering the received date. 

3. ^Finally, Mr. Btoekwell brings forward another argument not 
derived from eclipses, in «'hicb be has apparently fallen int-o u 
inadvertence. When Cicsar was making his last campaign i 
Spain against the sons of Pompey, a battle was fought at Soritia 
on tlie third day before the nones of March (i, e. on Mar. 5). 
Cffisar immediately afterwards pursued the enemy and commenced 
hia march, Mr. Stockwell says, before the Moon rose about mid- 
night. Now as in b.o, 45 (the received date of this event) the 
Moon was New on March i, she could not have reached her 
first quarter on March 5, and must have risen in the daytin 
hence he proposes to alter the date to b.o. 46, when the Moon' 
would have been New on Mar. 12, But bejiides that Mr. Slock- 
well appears here to have forgotten the confusion in the Eoman 
calendar at the epoch in question. He seems also to Lave mis- 
understood the unkaowu author of the book 'De Bello His- 
paniensi' in loco., c. 27. For the passage runs thus: — " Ciosar 
priusijuem eodem est profectns, luna horii' circiter VI visa est." 
The writer thought it a remarkable thing that the Moon was 
seen distinctly in the middle of the day, and the circumstance 
shows that she was in about her first quarter at the tioie. 

Yours faithfully, 

BlQokhaatli, 1891, May 8. W. T. Ll'SN. 

P.S. — Since the above was written, another number of the 
'Astronomical Journal' has appeared, in which Mr. Stockwell has 
a short paper on the eclipse of the Moon on the night preceding 
the battle of Pydna. He contends that this event occurred four 
years before the dite (b.o. 168) usuaUy accepted for it, on the 
strength of a lunar eclipse which took place on September 3, 
B.C. 172. But the account in Livy (lib. xliv.) shows clearly that 
the eclipse on the eve of the battle occurred in the early part of 
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the night, which was Dot the case with that just mentioned ; and 
there can be little doubt that the ordinary date is correct and the 
eclipse that of June 21, b.o. 168. — W. T. L. 

Signs — and Wonders. 

GBNTLHMBlf, — 

For the nth time I would enter my protest against the 
misuse of the symbol " for inches, of which Mr. Newall is guilty 
in his very interesting " Notes on Visits to some American Obser- 
vatories," in your number for this month. The signs °, ', and " 
have a perfectly definite signification and equally definite conno- 
tation ; and it can only tend to a slipshod method of thought and 
to inaccuracy, to attach any other meaning whatever to them than 
that of degrees, minutes, and seconds of are, " ought not even to 
be employed to signify seconds of time. If there be any excuse 
for a carpenter making " stand for inches (which is, to say the 
least, doubtful), assuredly there can be none for an astronomer 
doing so. It would be just as legitimate to employ £, s^ and d to 
stand for hundredweights, quarters, and pounds. 

Faithfully yours, 
Forest Lodge, Maresfield, WlLLIAM NoBLE. 

Uokfield, 1 891, May 4. 

The Red Spot on Jupiter. 
Oentlemsn, — . 

Observers of Jupiter will be pleased to learn that the old 
red spot has now regained much of the prominence and depth of 
colouring which it possessed in 1879 and subsequent years, and 
which caused it to form at that time such a splendid and attractive 
feature. I have observed it on several occasions lately v ith my 
6^in. Calver reflector, and it has always appeared very conspi- 
cuous and striking, even when seen under unfavourable conditions. 
The following transits have been observed here : — 

1891, May 2, i6»» 28"*-5 O.M.T. 
14, 16 23-5 

So that the spot may be expected on the central meridian of the 
planet*8 disc about 4"* after the times given in Mr. Marth's Ephe- 
meris in the * Monthly Notices.' 

It is [K^rhaps worth noting that the present increased plainness 
of the spot occurs about 1 2 years (or the period of one revolution 
of the planet round the Sun) after it first attracted universal notice 
in 1879. Tours faithfully, 

Burgws mu. 1S91, Mty 11. A. STA^sfUSY Williams. 

Observing OccuUations. 
Gentlemen, — 

I u*as much interested in Oipt. Noble's letter in the May 
number of the ^ Observatory,' as the device, which he there de- 
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scribes as useful in the observation of occultations, is one which I 
have been accustomed to employ, in a somewhat modified form, with 
very great success. It has been my custom to place the star, before 
immersion, near the intersection of the thread placed parallel with 
the equator, with the thread at right angles thereto, or, so to speak, 
in the angle formed by the thread. If the instrument is in good 
adjustment and the driving clock running fair, one is then enabled 
to know, not only the position on the Moon's following limb at 
which the emersion will take place, but also, by noticing the 
position of the angle of the thread with reference to the limb, the 
time at which it is necessary to look out for the emersion. This 
very simple expedient does away with the necessity of those tire- 
some calculations which the observation of emersion is supposed 
to entail, and if generally followed would, I think, have a most 
beneficial result in reducing the great disproportion which now 
exists between the number of observations of immersions and 
emersions. Yours faithfully, 

New York, U.S.A., JoHN TatlOCK, Jun. 

1891, May 19. 



OBSERVATORIES. 

WiNDSOK, N. S. W. — We are pleased to receive Mr. Tebbutfs 
Report on work done in 1890, from which it appears that his 
instrumental equipment is the same as last year. The observa- 
tions with the Transit were chiefly for time- determination. With 
the 8 -inch equatorial 24 disappearances and 3 reappearances of 
stars occulted by the Moon; 41 phenomena of Jupiter's satellites ; 
178 comparisons of minor planets; 102 comparisons of comets 
Denning and D' Arrest ; observations of the binaries p Eridani, 
Lai. 4219, y Centauri, h 4634, a Centauri, Brisbane 5784, 
and y CoronsB Australis. The observations of the variables 
ri Argils and R Carini have been continued, and of the former 
star Mr. Tebbutt says "it has not sensibly varied in lustre since the 
announcement of its sudden increase of magnitude between April 
1887 and May 1888. I propose shortly to publish a careful re- 
vision of the Windsor observations from 1854 to 1890." A satis- 
factory observation of the maximum of R Carini was secured in 
1890 April. The meteorological observations were taken regularly 
at 21**. A list of presents to the library is appended to the 
Report. We heartily congratulate Mr. Tebbutt on the splendid 
work he is doing for science. 

Leandeb McCobmick. — A catalogue of 171 pages contains the 
results of a small portion of a series of obser>ations begun at the 
Cincinnatti observatory in continuation of the Bonn Durchmns- 
terung, and referring to the zone —23°. We suppose this zone 
may be taken as complete, though this is not stated in the few 
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lines o£ Iiitrodiictiou. The number of stars catalogued is 667 
Tlie instrument usud was a 4-in. equatorial by Alvan Clark. 

Habtabd. —In thu Report for 1S90 the Director again refers 
the urgent necessity for a lire-proof room to store the accumulated 
MU^. and photogi-apfaa. The storage of photographs will require 
(KiiiBideration ere long in a large number of our observatoriea ; and 
it will be well to pay attention to the remarks Bu^ested by tl 
Harvard experiences, notnbly, that al)out the great weight of 
collection of photographs, which may be a source of clanger 
buildings not constructed for heavy loads. 

The regular work of the observatory has consisted of 21 phw^ 
toiretrie observations of Jupiter's satellites at eclipses, 67 comt ' 
observations, 381 estimations of the 17 circumpolar variablt 
Bflected for regular observation, and other misiiellaneous matt-ers — 
all with the east equatorial; 6955 observations with the meridian 
circle on the southern zones —9° 50' to 14° la' ; and with the 
west equatorial two' investigations on Uoublo stars and variable 
Btara respectively. But the energies of the staff aeeni to have 
been chiefly directed to publication ; and a very creditable ri 
has been attained. The zone catalogue of stars between + sg' 
and +49° 50' is all but finished and forms Part II. of Vol. XV.-^ 
Vol. XIX. Part II. is in type and deals with 50 years' observations 
of tha Zodiacal Light. Vol. XXIII. Part I. has appeared since 
,lhe report and contaiuH the observations anrnmed up m the " Meri- 
tlion Pbotomelry," which forms Vol, XXIV. and appeared recently 
('Observatory,' No. 172, p. loi). Vol. XXVII., "the Drape*' 
Catalogue," has just appeared and ia noticed elsewhere; oi^l 
besides this several meteorological Tolumea have been publiahed'! 
and others are in type. It will take some time to digest all thi 

But' the vigour of the observatorv ia shown best in its e; 
neouB developments, snch ns the Henry Draper Memorial. 
Pent 1309 photographs have b-^en tiken with the Bache tetesco] 
during the year ; and at Harvard 2157 with the twin telescoj 
presented by Mrs. Draper, Some of these show simply star-dial _ 
and others (obtained with a prism of small angle in front of th»J 
object-glass) star-spacti-a. The plan of the work has been deBcribed*^ 
before (*.(/. see 'Observatory,' No. 149, p. 223), aud the more 
interesting details of the reault* are referred to periodically, so 
■ that no further mention need be made of them here ; but their 
presentation en imisse m these annual reports lends one to reflect 
with admiration on the ability and energy of Mrs. i'lemming, Misa 
Maury, and their assistants. 

The investigations of climate with the Boyden fund have pro- 
ceeded satisfactorily at the three stations. Harvard, Wilson's Peak 
in California, and Chosiea in Peru, 

At Harvard much time was devoted to visual observation rf 
Mars : " a number o( the so-called canals were recognized, but only 
one of them was distinctly seen to be double." 
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" The advantages of the climate of Wilson's Peak are less marked 
than was anticipated ; still they are sufficient to justify an attempt 
to purchase a suitable site there for a more permanent station." 

At Ghosica the observers were clouded out and were fain to lorfc 
for a better station, which was found at Arequipa. The meridian 
photometry of southern stars is now nearly complete. 

The disks of glass for the Bruce photographic telescope had not 
been received at the date of the Eeport, 



PUBLICATIONS. 

Telescopic Woek fob Starlight Evenings*. — Most people 

xnust have noticed a general anxiety at the present time to get 

information on all sorts of subjects from experts. It would seem 

"to be a development of the system of interviewing that extracts a 

"book about cricket from Dr. Grace, or about spending money from 

£1 notorious spendthrift. The idea is simple, and more successful 

in practice than might have been expected ; for experts are noto- 

xiously deficient in ability to explain their methods, and it is only 

occasionally that we find brilliant exceptions to this rule. 

Mr. Denning is an exception. He has written about his work in 

a straightforward, earnest fashion, that must not only make many 

difficulties clear to his readers, but inspire them with something of 

his own determination and enthusiasm. He shows what work 

can be done \*ith moderate instrumental means plus enthusiasm ; 

and we hope all those who possess the former and are in search of 

the latter will read his book of 361 pages, in XVII. chapters. 

Some of the matter has appeared before in this magazine and 

others, but it has been altered and extended so as to be virtually 

^ew. Chapter I. is on the telescope, II. on the relative merits of 

^^rge and small telescopes. III. and IV. on miscellaneous matters, 

\^. to XIII. on the Sun and planets, XIV. on comets and comet- 

^^jeking, XV. on meteors, XVI. on stars, and XVII. on nebulae 

nd clusters. 

We are tempted to give a few of the practical remarks which 
abound in the book. " A great advantage, both in light and defi- 
:^^ition, results from the employment of a single lens as eyepiece. . . 
Ifty many careful trials I find it possible to glimpse far more detail 
in planetary markings than with the ordinary eyepiece" (p. 47). 
*"' It seems to be a fashioDable imposition on the part of opticians 
"^o overstate magnifying- powers " (p. 49). " You are right in 
saying that Mercury is much easier to observe than Venus'' 
<p. 141). " As to the real worth of a glass, there is nothing like 
having a reliable means of comparison, i. e. another telescope of 
acknowledged excellence with which to test the doubtful instru- 
ment. " The author might perhaps have added an observer of 

♦ 'Telescopic Work for Starlight Evenings/ By W. F. Denning, F.R.A.S. 
I«oi.don : Taylor and Francis. 
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acknowledged experience to make the test. In dealing with 
the planets a separate section is always devoted to occulta- 
tions — a subject specially interesting to observers with small tele- 
scopes. Por the admirable summary of observations on Mars, we 
must refer our readers to the book (pp. i6o, i6i). We wish 
Mr. Denning had not represented eyepieces placed on the table 
field-lens down (p. 41): in this position scratching is almost 
certain. 



Nbub Anttalbn deb k. Steenwaete in Bogbnhausbn bei 
MtNOHEN, Band I. — This volume contains a Catalogue of 33,082 
stars for the Epoch 1880, deduced from a re-discussion of Lamont*s 
zone catalogues, which were separately published in successive 
volumes oil the ' Supplementbande ' to the Munich 'Annalen.' 
These various star-catalogues have been combined into a homo- 
geneous whole, and the places brought up to 1880 by Prof. Seeliger, 
the present Director of the Munich Observatory. The stars whose 
places are given in the catalogue are situated between the limits 
—32° and +24° declination, and are telescopic stars down to the 
loth magnitude inclusive, but are, unfortunately, very unequally 
distributed over the sky, and the catalogue is therefore not so 
useful for the purposes of many investigations as it might other- 
wise have been. But for this, of course, the present editor is not 
responsible, and he deserves the thanks of working astronomers 
for having undertaken the enormous labour involved in the pre- 
paration of this work, which will doubtless prove one of consider- 
able practical utility. A. M. W. D. 

Beobaohtungen angestellt am asteophysikalischen Ob- 
SEEVATOEiuM IN O'Gyalla (Ungaen). — This title covers Yols. xi. 
and xii. of the publications issued from O'Qyalla, the private 
observatory of Dr. Konkoly, and is a statement of the work done 
there during the years 1888 and 1889. This work consists of 
physical observations of the Sun, Jupiter, and comets Sawerthal, 
Barnard, and Davidson ; observations of meteors ; and determina- 
tion of the longitude of Kis Kartel. The minute details recorded 
of every spot and group observed on the Sun's surface show that 
this is a special feature of the work. The results of the two years 

are: — 

Days of Days free Total Total 

Year. observation. from spots. spots. groups. 

1888 .... 252 123 557 162 

1889 .... 214 142 208 84 

The surface of Jupiter was carefully observed and recorded, and 
in addition there are 14 lithographs showing Jupiter from 1885 
to 1888. The observations of meteors and the account of the 
longitude operations occupy the remaining space. The observatory- 
is fitted with the electric light, both for use with the instrument 
and also in the rooms. 
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NOTES. 

Thb G-HKE^iTwron MBiiiuiAS.^The movamaiUjfor the adoption 
o£ the Greenwiuh Meridian as the standard for Universa! Time is 
making at-eady progress. One o£ the last apeechea of the late 
Count von Moltke ia the German Eeichatag (i8gi, March i6) 
waa devoted to thia subject. The following brief account of this 
speech, from a Tienna paper, may be of interest. 

" Berlin, i6 March. Count Moltke took people greatly by aur- 
prise to-day, in the Imppml Diet, by speaking in favour of a 
single atandai'd time for thp Inland Railway service. Although 
Count Moltke was hoarse, even his longer explanations could be 
understood throughout the whole room ; and the \-igour with 
which they were expressed, and especially the humorous reraarka 
which Moltke introduced, were a reassuring testimony to the 
health of the ninety-and-one-y ear-old speaker. The House fol- 
lowed his detailed statements with great attention, and at the 
same time with lively applause. Moltke wishes for the single 
time standard chiefly in the military interest. The speaker 
thought the fifteenth meridian east from Greenwich (the so-called 
Stargard Meridian) to bt: most suitable for the time standard. The 
latter could, within limits, be fixed for a Middle &erman Standard 
of time with small changes at the bouuriariea. A single time for 
civil life and the abolition oE all local times should be striven for 
as a final aim. The learned men of observatories are only against 
this, because they do not wish for a German, but for an inter- 
national standard of time. They could be answered that only a 
small part of us have business with railways, but a still smaller 
part with Observatories and their Astronomers, Meteorologists, and 
Geodesiaf^, [Applauae.] Prejudices against the single standard 
of time in civil life will be easy to overcome. In factories it will 
only be necessary to alter the figures on the time-bil!. Country 
workers in general do not look at the clock, but only at the clock 
in the sky ; they must then be called by the bell to their work, but 
when the bell goes wrong, which is the case in general [Laughter], 
they do not go at the right time to their work. Practical life is 
not generally exact to the minute ; acbool-clocka are often put back 
ten minutes, whilst the children wait until the teacher cornea 
[Eoara of laughter]; the clock at the court of justice is put back ia 
order that the parties may be there when the trial begins. On 
railways the clock ia generally a few minutea faat ; even Parliament 
has an academical quarter oE an hour, [Laughter.] The queation 
cannot be settled by a vote, but the transaction will be made more 
simple if the Diet expresses itself in a friendly mannner. [Lively 
applause.] Preiherr v. 3turam replied that the simple peasant 
and labourer would have no advantage from the introduction of a 
single standard of time. The subject was then dropped." 

We hear also from Dr. Schratn, who has written on this subject 
ia our columns, that in the Belgian Chamber the Mioiater of 

VOL. XIV. a 
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Commerce made a speech strongly in favour of the adoption of 
Greenwich on April lo last ; and that the movement recently 
initiated in Italy for adopting Jerusalem is being gradually aban- 
doned, the Chamber of Arts and Commerce in Piedmont having on 
April 9 voted unanimously in favour of Grreenwich. 

Stab Catalogue. — M.Paul IIarzer,in the Ast. Nach.No. 3035, 
gives a useful catalogue of 375 stars between declination +23^ 
for the epoch 1885*0. They are mostly below the 6th mag., and 
hence may be found of service as comparison stars in comet obser- 
vations. The observations were made with the meridian-circle at 
Grotha. 



SoLAE Eclipse of 1893, Apeil 16. — M. Cruls has arranged for 
securing regular meteorological observations at Ceara (which lies 
on the fine of totality) during April 1891 and 1892. These obser- 
vations will be published as soon as possible, so as to enable 
intending observers to judge for themselves the prospects of fine 
weather. 



The New Meeope Nebula. — In No. 173, p. 135, we remarked 
that Mr. Barnard had found by eye-observation a new nebula near 
Merope, which he considered could not have been discovered by 
photography, " because a suflSciently long exposure to impress the 
nebula would so overexpose Merope that its light would coalesce 
with that of the nebula.'' Prof. Pritchatd replied that this was not 
the case, as the nebula had already been photographed with com- 
paratively short exposures and was shown quite distinct from 
Merope ; and Mr. Barnard, in acknowledging the truth of this 
remark (Ast. Nach. 3032), adds that he has examined some plates 
of the Pleiades taken with the Lick refractor and finds the nebula 
on all of them. 



We deeply regret the death of Dr. Ed. Schonfeld, Director of 
the Bonn Observatory, and successor of the illustrious Argelander, 
whose work he shared and completed. Schonfeld began his astro- 
nomical life in 1852 at the age of 24 under Argelander, being by 
him appointed assistant at the Bonn Observatory in 1854. He 
made the trial observations for the great Durchmusterung during 
Argelandftr's absence at Pulkowa ; and was associated with him in 
the work until called to direct the Mannheim Observatory in 1859. 
At Mannheim he produced two catalogues of variables and one 
of nebulsB. In 1875 he was appointed to succeed Argelander, and 
in loyalty to the traditions of the Bonn Observatory commenced 
the Southern Durchmusterung, which he accomplished almost 
single-handed in 10 years, though at the cost of his health and 
perhaps bis life. His services to the University of Mannheim 
and to the Astronomische Qesellschaft are remembered with deep 
gratitude. A singularly reserved man, he made no enemies ; while 
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his friends were warmly attached to him. He was born on 

1828, Dec. 22, and died on 1891, May i. A melancholy interest 

attaches to his "Note on the New Star of 1006," which appears in 

the Astr. Nachr. for May 1 1 (No. 3034) and the proofs of which 

"were corrected by the author a few days before his death. 

Thb PabaiiLax of /3 Oeioistis. — In No. 166 (September, 1890) 

"we printed a note by Dr. Q-ill on jS Orionis in which the parallax 

-of this star was found to be — o"-o64 with reference to star a arid 

— 0^*325 with reference to star b : on which the author remarks : 

**If these figures represent actual facts, we have the interesting 

result that the star a is probably a member of an immense distant 

system, of which /3 Orionis is also a member, whilst the star h is 

«ii inconspicuous but comparatively near member of our galaxy." 

^We have learnt from Dr. G-ill that some observations which he 

made a few months later to test the truth of this result threw 

suspicion on the whole series of observations; and on careful 

examination an error was found in the reductions which entirely 

vitiates the result first announced. It is not surprising, therefore, 

that Dr. W. Schur, who repeated the observations with the Got- 

tingen heliometer, found quite different results for parallax, viz. 

from star a 4-o"*i3S» and from star 6 — o"'025. (Ast. Nach. 

No. z^z^-) 



Paballax op /3 Atibig^. — ^Prof. Pritchard has photographically 
determined the parallax of this star with reference to DM. 
-f 44-1322 (mag. 10-2) and DM. 4-44*1334 (mag. 8*8), and finds 
the results +o"'059 and +o"'o65. '* The identity of the paral- 
laxes .... seems to indicate the probability that the parallax of 

/3 Aurigae, here determined, approaches the absolute 

Adopting, then, Dr. VogeFs distance between the components of 

/3 Aurigae, it follows that their greatest angular separation as seen 

^I'om the Earth is o"'oo5." The photographic method cannot be 

^ppHed to 'i UrsaB Majoris because " the two components are sepa- 

t*ated by 14", and practically when the exposure is continued long 

Enough to obtain the impression of the faint stars of comparison, 

"tlie two components coalesce in a manner to prevent accurate 

bisection, and no method that I have yet been able to devise to 

prevent this confusion of images is altogether satisfactory." We 

'Suppose therefore that the method of exposing the bright star for 

^ few seconds only at the beginning or end of the long exposure 

devoted to the faint comparison stars (which, we believe, was tried 

•^t Oxford in the case of Polaris to avoid having too large an 

^mage) has been abandoned as unsatisfactory. 

Spboteoscopic Binaeibs.— Prof. E. C. Pickering points out 
^Ast. Nach. No. 3034) a new development of the method for dis- 
<»vering double stars by their spectra. If the spectra of two close 
ooBiponents, whose motion in the line of sight is not the same, are 
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not similar, lines which occur in the one only will be displaced 
with reference to lines which occur in both. In particular if one 
spectrum be of the second type like our Sun, and the otheir of the 
first type, then the resulting spectrum will be recognized by the 
strong marking of the hydrogen lines common to both components; 
and on careful measurement these lines should be found displaced 
with reference to the other lines in the spectrum. Of course the 
strengthening of the hydrogen lines may be due to other causes 
than the presence of a faint component, and then there should be 
no displacement. The criterion for the faint component would be 
a displacement periodically varying. An examination of the 
spectra of bright stars by Miss A. C. Maury seems to show that 
ten stars have such a composite spectrum :— viz. y Andromedge, 
H.P. 650, € Bootis, a Scorpii, and /3 Cygni, which are known 
doubles, and r Persei, ^ Aurigae, 3 Sagittarii, 31 Cygni, and /3 Capri- 
corni. The distant companions of the last two give separate 
spectra and are not here referred to. An example of the method 
is given in the case of a Canis Minoris, and the displacement is 
found to indicate a relative motion of 20 kilometres per second. 



The transit of Mercury on the morning of May 10 could 
scarcely have been satisfactorily observed in these longitudes under 
any circumstances, as the egress took place soon after sunrise. 
As a matter of fact the weather was very bad, and clinched the 
matter. At Greenwich it was raining slightly at sunrise. At 
Meudon M. Janssen reports bad weather. He suggests that at 
the next transit (1894 November 10) Dr. Huggins's method of 
photographing the corona should be tried when Mercury is near 
the Sun's limb. 



The Annual Visitation of the Royal Observatory, Greenwich, 
will take place on Saturday, June 6. Curiously enough the Moon 
has selected that afternoon for a partial eclipse of the Sun, com- 
mencing about 5 o'clock ; and this will gladden those who believe 
that an eclipse can be better seen from an observatory than else- 
where. 



Comet 6, 1891 (c, 1884, Wolf). — Mr. Barnard found Wolfs 
Comet on May 3. 

We are glad to hear that the Danish Academy of Sciences and 
Letters has awarded a gold medal to Baron E. v. Haerdtl ol 
Innspruck, for his memoir on a case of the problem of three 
bodies proposed by the Academy in 1889. 

Eeeata in No. 175 : — On p. 169 line 8, dele the name of Mr- 
Knobel. On p. 170 fine 24 /or Mr. Downing read Mr. Maunder— 



THE OBSERVATORY, 

A MONTHLY REVIEW OF ASTEONOMY. 

No. 177. JULY. 1891. 

MEETING OF THE EOTAL ASTRONOMICAL SOCIETY. 



Secretaries : B. B. Knobel aud A. M. "W. Dowminu, M.A. 

Tbb Minutes o£ the previous Meeting were read and confirmed. 

Mr. Dawniiiff. Seventy-eight presents have been received since 
the last Meeting. Amonget those calling for speaial mention ore : — 
W. HarknesB, ' The Solar ParaDas aud its related CouBtants,' pre- 
sented by the U.S. Naval Observatory ; Harvard College Observa- 
tory, 'Variable Stars of Long Period,' presented by the Observa- 
tory ; 0. A. L. Pibl, ' The Stellar Cluster x Peraei,' presented 
by the Aathor ; ' Eeport of the Observations of the Total Eclipse 
of the Sun, Jan. i, i88g, made by the Washington Observatory 
Eclipse Party,' presented by the Observatory ; H. Itaper, ' The 
Practice of Navigation and Nautical Astronomy,' igth edition, 
presented by the Publishers; 'Siddhanta Siromani ' (Hiudu As- 
tronomy), presented by Colonel Waterhouse ; Pulkowa Observa- 
tory, 'Catalog von 5634 Sternen fur 1875-0 aua den Beobach- 
tungen am Meridian- Kreise,' von H. Boraberg, presented by the 
Observatory ; J, Kleiber, ' On the Determination of the Orbits of 
Meteor-Streams ' [in Suasian], with an abstract in English, pre- 
sented bj the Author. 

A vote of thanks was accoi'ded to the donors of the presents. 

Mr. Knobd read a paper by j¥i'. ff. C. Russell, entitled " Notes 
on some Star Photographs recently taken at the Sydney Observa- 
tory." 

The previous photographs of the Milky "Way round ?j Argus sent 
to the Society by Mr. Russell xvere under-exposed, but with the 
same camera and plates he has since obtaineda photograph with eight 
hours' exposure. This makes the aspect of the region of the Milky 
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Wny veiy difierent from that shown on the prerious photograpl 
The increase in the number of efcarB shown is very obrious ; bat 
is satisfactory to note that little details — dark spots and lin 
visible in the fainter negative — are reproduced in this. The nebula 
itself is much brighter, the details are more delined, the outlying 
wreaths of nebula extending over a much wider space than has 
appeared in any drawing or previous photograph. Although 
several portions seem to show that a still longer exposure is re- 
quired, the dark oval space near the southern extremity of 
nebula shows no increase of nebulous light with increase of 

posure. In addition to the photographs with the 6-inch lens in 

portrait-camera, Mr. Bussell has made a number of long exposures 
on ij Argiis with the " Star-Camera " or cbarfing telescope, and 
these show that the central portion of the nebula around 17 Argils 
haJi a most complex strucljure, similar to that around 6 Orionis. 
More extension is shown in the portrait-camera negatives than can 
be seen in negatives with the star-camera exposed for the same 
time. It was in the dark oval space that one of the brightest and 
most conspicuous parts of the nebula wua situated when Herschel 
was at the Cape j and the faet that it has disappeared is a sig- 
ni^cuut commentary on the course be adopted in not only drawing 
the nebula, but in marking out defined and conspicuous portions 
of the nebula by the conspicuous stars. In 1871 Mr. liussell 
noticed, with a 7|-inch telescope, that the part of the nebula at 
the intersection of the lines -l-50'and -{-3000 had disappeared,. 
and the 1 1 4-incb refractor also failed to show it. It is absent from 
the best of the photographs, which show fainter nebula and hosts 
of stars that Herschel could not see. For example, in the great 
oval in the southern part of the nebula Herschel saw four stars, 
while the photograph shows twenty, and wbem he saw one star 
the photograph shows ten. There is therefore the strongest evi- 
dence that between 1837 and 1871 a well-defined and brilhanfc 
portion of the nebula about jj Argiis has disappeared. During 
March iSgi Mr, Bussell has taken photographs to trace the 
Milky Way in the great rift in Argils noticed by Herschel. Three 
photographs cover this region. One, with ita centre at K.A. 7^ 50" 
and Decl. 47° 47', is covered with stars almost uniformly, although 
the eye sees no Milky Way in that part of the sky. Anotlw* 
plate shows stars uniformly over the rift between E.A. 8" 1 " ' 
and g*" 10", wliile a third shows the same appearance from R. 
ro" lo" to E.A. 10" 30"". The whole rift from 7" ao" to 10" 3* 
which to the eye is void of stars, is shown by the photographs to 
be oniformly covered with them. A photograph of the " Nubecula 
Major" was taken with 6" 17"° e-iposure on Feb. 9, 1891, with 
the star-comera, and the negative shows the central part of the 
nebula overexposed, but the surroundings show out faintly as a 
moat complex structure. These are very similar to the stmctnre 
visible to the eye, that is, a series of loops arranged symmetrically 
with K^ard to the central ma^. In other prints the great groups 
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are very concentrated, without sign of apiriJ structure, and these 
dusters are roughly parallel to each other and separated by dark 
bands. In places the stars number 5000 or 6000 to the square 
degree, so that it is not surprising to find them run together into 
blotches of light when photographed with the portrait-cninera. 

Dr. QUI. I should say with reference to Mr. EuaseU'e photo- 
graph of the I) Argua nebula, taken with an exposure of fire hours, 
which I had the pleasure of examining a few days ago, that it 
seemed to me to be one of the most bpautiful photographs of any 
nebula that we have ever seen. Not only is the nebula shown in 
eiquisite detail, but the stars are so surprisingly well defined 
throughout the nebula. I know the ij Argus nebula is exceedingly 
difficult to photograph ; it does not contaiu so much blue light as 
most others, and on that ground a long exposure is required to 
procure effect. Short exposures will not giie any satisfactory 
photographs of this nebula. 

There is one point in the paper which strikes me as specially 
interesting in connection with the subject to wliich I referred the 
other day at the Astronomical Association, viz. the difEerencn 
between the visual and photographic brilliancy of stars in the 
Milky Way. I'rom this paper we learn that the Milky Way is 
shown by photography to extend right across certain regions 
apparency bare to the naked eye. Tiiat is a point of great 
interest. 

In a paper recently published in the ' Astr. Nach.' by Professor 
Pickering, he says that the brighter stars in the Milky Way are 
chiefly of the Sirian type, and that explains a fact which puzzled 
us very much in photographing the southern heavens. Professor 
Kapteyn found that the photographic estimations of magnitude 
difered from the eye estimations of magnitude in the rich parts 
of the sky, that is to aay, that the estimates photographically of 
the magnitudes of stars in the rich parta of the sky were from ^ 
to I of a magnitude brighter, as compared with the eye estimations 
,of magnitude, than they were in the barer regions of the sky. 
One of two explanations was possible. The first one would be 
that the eye estimates were low in the rich regions, because of 
the brighter background, wliich may affect aU eye estimations. 
The difEerence seemed too great for this to be the ease, especially 
when considerable power was employed on the telescope. The 
second explanation is Prof. Pickering's spectroscopical one ; and 
this brings out the fact that in the brighter stars of the Milky 
Way there is a systematic difference in spectra, and the difference 
between the photographically determined and eye-estimated mag- 
nitude is always found with stars that have the Sirian type of 
spectrum. Thus the Cape Durchmusterung appears to show that 
the faint stars as well as the brighter stars of the Milky Way are 
chiefly stars of this type; and therefore probably the Milky Way 
is a structure in the heavens by itself, and probably, according to 
the probable order of e4olulioii of stars, the Milky Way may be a 
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more recent creation or, at least, a creation in an earlier state of 
development than other portions of the heavens. This is a very 
far-reaching question, which of course will require the most 
thorough and complete examination and development; but it is 
one that affords an object for research of the very highest import- 
ance and interest in Astronomy. 

Mr. Banyard, In the large photograph of the rj Argus nebula 
which Mr. Bussell has sent us, taken with the camera with which 
the survey of the heavens is to be made, there are most remark- 
able dark areas and channels, one of which branches like a tree. In 
other parts of the Milky Way we have already seen some dark 
areas, but on a smaller smaller scale, and some dark channels 
bordered with stars. Such dark spaces were known and described 
by Sir William 'Herschel ; but a most remarkable great dark 
branching channel bordered by stars is shown in this photograph. 
Of course the one that goes through the ly Argus nebula was 
already well known. I should like to remark, in connection with 
what Dr. Gill has paid, that many parts of the Milky Way seem 
to have come out very different on the photographs from the way 
in which they are seen and drawn by observers. One of the most 
striking instances is the remarkable photograph which Mr. Bussell 
has sent us of the " coal-sack " region, which we know is strikingly 
visible to the naked eye. At first sight of the photograph you 
wonder where the coal-sack is, but when you look more closely 
you can trace the outline which has been drawn so often. We 
know that there is a cluster of red and blue stars in this 
region, and that the whole of the Milky Way is a region of red 
stars. The photographs certainly seem to render it probable that 
it is also a region of blue stars, or stars the general light of which 
is more actinic than the light of stars over the rest of the 
heavens. 

Tlie President, We must return our very grateful thanks to 
Mr. Russell for the very valuable photographs he has sent us, 
which many of you will have the opportunity of examining at your 
leisure. They are extremely beautiful photographs and they speak 
very highly, not only of his work, but of the work of Sir Howard 
Qrubb, who made the lenses, for the star images are most beauti- 
fully defined. 

Dr. Drey er read a paper "On the Proper Motion of twenty Southern 
Stars." He had examined the more remarkable cases of discrepancies 
between the results of earlier and recent meridian observations of 
stars in the region of Schonfeld's southern 'Durchmusterung,' which, 
might arise from proper motions, but only twenty cases could be 
determined with absolute certainty. It was interesting to note 
that there was not a single star catalogue published now-a-days 
without a number of proper motions of faint stars being brought 
to light. By continuing these investigations and getting together 
as man}* cases as they could find of proper motions of faint stars 
they would in the course of a few generations obtain very valaable 
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material for the deterniinatiou of the ti'uc sj'stem of the stars, 
whatever it might turn out to be. 

The President. There is no doubt this question of the proper 
moUon of stars is a, most important one, nud one which we shall 
only get the true solution of when we get the new photographic 
charts ; but so long as you have to reduce thousands of stars with 
many errors ainon^t themselves in order to get a few proper 
motions, you can hardly say you have in any way nearly exhausted 
the question. 

We bave to-night amongst us a very eminent French physicist, 
our Associate, M. Cornu. 1 understand that Le has something 
interesting to say to us. I am quite sure 1 am expressing the 
feelings of everybody in this Society when I welcome M. Cornu, 
and I will ask him to let us hear something of what he has beeu 
doing across the Channel. 

M. Oomu (who spoke in French) was invited by the President 
to describe the apparatus by means of which he is measuring the 
mean density of the Earth. 

• This work was imdertaken in collaboration with Mr. T. B. Eailli 
in 1867. Atorsion balance similarto that of Cavendish, and those 
afterwards employed by Baily and Eeich, immediately gave satis- 
factory results if an accuracy of i "/„ is considered sufficient. But 
a much greater precision was desired, and it became necessary to 
eliminate a large number of causes of error both aceidentid and 
»!fatemalic; which espklns why these experiments have taken so 
much time. It must he remembered that the total force to be 
xneaeured is extremely small (about a thousandth of a milligramme 
in our apparatus), aud thus many disturbing influences ordinarily 
negligible are here of the same order as the force itself ; and j£ 
-v/B desire an accuracy of anything like o-i °/„ we must consider 
sU disturbing forces of the order one millionth of a milligramme, 
The following are the chief improvements of the Cavendish appa- 
ratus which we have introduced ; — 

1 . Shiirtening of the arm of Ote torsion balance. — It is demonstrable 
that, other things being equal (attracting and attracted masses, 
distances between them, peiiod of oscillation of the arm), deviation 
due to gravity is inversely proportional to the length of the arm. 
This arm has been reduced to o"'5o ; the suspended balls weigh 
loo grammes, and the period of oscillation is about 7 minutes. 

2. ReduLcfion of the attracting TwiMes to 10 kilogrammes, so that 
the manipulation is now quite simple ; and to avoid errors in 
placing thera, the method has been adopted of using globes filled 
with mercury which can be pumped into one or other pair of globes 
whose position is not otherwise disturbed. 

3. Registralion of the whole oscillation of t/ie balance arm and 
investigation of the law. The transits of the milhmetre-scale 
divisions, seen reiiected at a distance of 5 metres, are registered 
on a chronograph in the usual way. The oscillations of the arm 
may thus he compared with the law 



= —'(¥■> 



250 Proceedings at Meeting of [No. 177. 

which results from integrating the differential equation of motion 
of a solid moving under the action of two sets of forces, (a) pro- 
portional to the displacement (torsion, variation of distance of 
attracting masses, &c.), which are the subject of investigation, (b) 
proportional to the velocity (resistance of air, torsion friction, &c.), 
which are of the nature of disturbing forces. The method of 
•complete registration has led, however, to the detection of a third 
group of forces depending on the square of the displacement. An 
inspection of the chronographic record showed the existence of 
these forces very clearly, and gave means for measuring them. 

4. Use of a torsion thread of annealed glass, — ^This precaution has 
got rid of those anomalies which always appear in torsion balances 
if a twisted thread be employed, or one which has been wound 
on a bobbin (instability of the zero, progressive and rapid altera- 
tion of zero, &c.). It is indispensable also to use a very long 
thread ; for we thus minimize or even wholly eliminate errors due 
to the attachments of the ends of the thread and elastic retardation. 

5. Elimination of electric disturbances due to different causes 
(particularly those due to the variation of potential of the sur- 
rounding air, above and below the apparatus). All parts of the 
apparatus are put in good metallic connection — the suspended 
balls, the arm, thread, and metallic case enveloping the arm. 

6. Elimination of thermal disturbances due to differences of tem- 
perature in the neighbourhood. These produce currents of air, 
which betray themselves by hydrodynamic effects plajing the part 
of regular forces. Thus a candle placed at a distance of some 
centimetres from the arm, protected by a thin zinc box, appears to 
attract the neighbouring ball. This effect is exactly analogous to 
that observed in the radiometer by Mr. Crookes, with the important 
difference that the apparent action of a warm body is an attraction 
instead of being a repulsion as in the radiometer. It appears 
whenever the case protecting the arm is a bad conductor of heat ; 
and disappeared when the case of thin zinc was replaced by one 
of thick red copper, so that the conduction of heat due to acci- 
dental sources is very rapid, and complete uniformity of tempera- 
ture is secured. The zero of the torsion balance is now astonish- 
ingly constant. 

Little now remains to be done to complete these long and 
delicate investigations, and the authors hope soon to be able to 
give their definitive result and a satisfactory estimation of the 
probable error. 

TJie President. I do not know if any Fellow of the Society 
would wish to ask any question or comment upon what M. Cornu 
has said. I think it is very very rarely indeed that we have had 
in this room, or in any room in London, a description of a very 
difficult physical iavestigation given to us in terms which are so 
strikingly expressive and so easily understood even by those who 
are not famiUar with the sort of work that is spoken of. I think 
we owe M. Comu our verv cordial thanks for the trouble he has 
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taken, and we only hope that his reception here to-night will 
encourage him to visit us again. 

Dr, Gill, I do not wish to appear obtrusive, but perhaps I may 
be allowed to add one word to what M. Cornu has said, because I 
believe I am the only person in this room who has actually seen 
the force of gravity demonstrated by M. Cornu himself. I had the 
pleasure of seeing his apparatus and of looking through the colli- 
mator of it, and I can say that the scale was absolutely at rest, it 
had no motion whatever, there was even no tremulous motion. 
But immediately the mercury was run from one pair of bulbs into 
the opposite pair the force of gravity was visibly demonstrated ; 
the image at once began to move, and the movement of the scale- 
divisions across the collimator-wire was as exact and smooth as the 
movement of a star in the field of a transit-instrument and as easily, 
or even more easily, observable. 

Mr. Stone. 1 hope M. Cornu will have the kindness to draw up 
:Por insertion in the ' Monthly Notices ' an account of his experiments 
"v^hich he has so clearly explained to us this evening. Such an 
£txx;ount would be of permanent value and interest, not only to those 
A^ho have bad the good fortune to he present, but to the other 
IFellows of the Society. 

Prof. A. S. Herschel. There is a point of considerable physical 
interest noticed by M. Cornu in this description of his work, which, 
:tf rom his distinguished skill as a physicist as well as great eminence 
^s an astronomical investigator, corroborates remarkably what has also 
l)een observed very recently by English experimenters . About a year 
ago Sir William Thomson, wishing to examine the state of electri- 
fication of the air in certain rooms of the new College of the Glas- 
gow University with a quadrant electrometer, found it so extremely 
variable that the cause of its rapid changes could not at first be 
discovered. It was, however, soon suspected, and then proved by 
very numerous experiments, that the effect was produced by lamp- 
flames burning in the rooms, and even very rapidly by the flame of 
the single small lamp used to throw a beam of light upon the elec- 
trometer-scale. 

The electrifying effects of a variety of burning materials, such as 
oils, gas, and charcoal, upon the air were made a subject of research 
with results communicated last year to the Glasgow Philosophical 
Society, showing the effects in nearly every case, particularly in 
that of burning charcoal, to be very considerable. It is very inter- 
esting to learn that disturbances traced to scattered electrification 
were met with in M. Cornu's work. The experiments referred to 
might lead us to suppose as probable that even the small flame 
used at first by M. Cornu in the observing-room to throw {^ beam 
of reflected light upon the reading-scale might produce, perhaps, a 
considerable part of the electrical difficulties which he was so well 
able to overcome. 

Hie Astronomer Royal read a paper entitled " Preliminary note 
on the change of Personal Equation with Stellar Magnitudes in 
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Transits, observed with the Transit-Circle at the Eoyal Observatory, 
Greenwich." This question ia one of some importance to practical 
aatronoinera. It has been brought into considerable prominence 
lately in Dr. Auwera's discusaion ot the observations of Victoria and 
Sappho £ot the deter miDalioa of eolar paraliajc. The reduction of 
sttllar magnitude by most methods ordinarily employed was mixed 
up with the question of the possibility of diffraction affecting the ob- 
servations, and he had at £rst hoped that they would have been able 
to get observations at Greenwich with the personal equation machine 
that would he free from these sources of error. Other work had, 
honever, interfered with this, and as it would have been necessary 
to adapt photometric appliances to the personal equation machine, 
and this would have involved considerable delay, it was derided to 
determine the change of personal equation with stellar magnitude 
by means of wire-ganze screens placed in front of the object-glass 
of the transit-circle. The effect of these screens in reducing 
apparent magnitude was estimated carefully by the observers and 
their estimations checked by the employment of diaphragms of 
known size. Tranaita of stars were observed part with screened 
object-glass and part with unscreened, and the deduced times oier 
centre wire were compared. The general result was that with all 
the observers there was a tendency to observe stars with object- 
glass screened later, and that this was more marked in the case of 
the fainter stars ; but there were some discrepancies which made 
one hesitate as to the exact interpretation of the results ; for 
instance, when the object-glass was doubly obscured by the use of 
two screens, the change of personality was not found to be doubled, 
but actually less than for one screen. The paucity of observations 
with two screens might account for this anomaly, but it was not 
unlikely that the peculiar character of thediffraction image iniluenced 
the observers more than the change of magnitude. This character 
had recently been investigated photographically in connection with 
the Eesolutions of the Permanent Committee for the Photographic 
Chart ; and he would show on the screen Ihe photographed image 
ot a star when the object-glass was obscured by a screen. [The 
central disk was surrounded by four weO-mai'ked radial bars, which, 
however, did not visibly extend to within some minutes of arc of 
the central image,] 

There followed some desultory conversation on the use of the 
gauze screens for the Photographic Chart. 

Mr. Turner. I should like to state what my difficulty is, and 
perhaps Dr. Gill will be able to clear it up. At the Paris Con- 
ference the question of tiiese screena was mixed up with the one 
as to whether time of exposure was equivolait to intensity of the 
stellar image on the photographic plate, the latter point having 
been most distinctly expounded by Captain Abney. It seemed to 
me that with this as a basis we had a more reliable method of 
photometry than we had ever had before ; yet these screens were, 
so far as I could gather, introduced for the better determination of 
magnitudes. That implied that there must be some advantage 
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eitlier in principle or convenience in tbe use of the screens. Bnt 
even i£ the law of exposure is not absolutely true, the divergence 
from the law might have been defined quite clearly, and bo the 
intervention of the screens rendered unnecesaary. Again, photo- 
graphy gives different photometric results from fiye-obaerv'ations, and 
yet it is proposed to investigate the properties of the screens by 
eye photometry I 

J)r. Sill. I think the discussion which has taken place to-night 
showB pretty clearly, if it shows anything at all, that pbotomelry 
is a very difficult question. If you do not use the screen you put 
i8 unfortunate itatronomers into a difficult position. Touhave tS 
astronomers setting to work to determine a photometric problem, 
possibly all doing it in different ways, and possibly obtaining dif- 
fereut results. I am not entering into the question as to how the 
photometric absorption of a screen is to be determined, I am quite 
sure that our friend M. Cornu would readily undertake it ; but if 
you have once determined the photometric absorption of a single 
sample screen, and can produce i8 of those screens eiactly alike 
{as you can from a web of wire clofch), then you have saved all 
these astronomers the trouble of separately determining magnitudes. 
The great beauty of the screen is that once you have determined 
the necessary screen to produce an absorption of two magnitudes, 
you have only to make i8 screens exactly the same, and the work 
is done for ^ astronomers. 
Mr. Turner. Will they vary with different object-gJasses ? 
J)r. Gill. I believe that is a physical question and capable of a 
physical solution. If the object-glasses are made alike, with mini- 
mum focus for G, and well corrected for spherical aberration, it is 
quite certain that the absorption will be alike for all. 

The jigtronomer Royal, I would like to clear up the points in 
which Dr. Gill differs from Mr. Turner and myself. On the sup- 
position that 18 astronomers have identical object-'glaEseB and 
identical atmospheric conditions, they then have to determine in 
what time they can get the 9th mag. stars with the screen, and use 
this as the exposure for i ith magnitude Vfith unscreened object- 
glassea. An aiternalive method « ould be to give them certain 
typical stars whose magnitudes are determined visually by ordinary 
photometric methods, and to let them experimentally determine the 
exposure necessary to photograph these stars. 
lyf. Gill. That would be a moat excellent plan. 
TIti Astrmiomer Royal. The objection to it is that you have to 
determine a larger number of stars than is necessary with the 
screen. The whole question is, would it not be better to determine 
the typical magnitude stars first, aad then let unfortunate observers 
find what exposure is necessary to photograph those stars than to 
determine the difference by the use of screens ? I agree with Mr, 
Turner that the introduction of the screens does not help us in the 
matter, and never will help us. Nobody can be certain that the 
results obtained by the screens wiU be the same for all object- 
glasses. I must also take exception to Dr. Gill's statement that 
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1 8 or 19 exactly similar screens could be easily made. I have seen 
several of these screens, and there are great discrepancies between 
them. I am very much afraid of these screens. 

Mr. Plummer. The point the Astronomer Royal has raised was 
so strongly felt at Oxford that Prof. Pritchard has proposed to 
determine definitely the magnitude of certain stars of approximately 
the nth mag., independently and without reference to any grating 
in front of the object-glass. There may be some difficulty in de- 
termining with accuracy magnitudes of stars as faint as the nth, 
but these difficulties can be overcome. 

The President, We have wandered greatly from the subject 
which was originally started, from the change of personal equation 
to the magnitudes of stars. My first acquaintance \vith these 
diffraction phenomena was from Sir John HerscheFs paper in the 
' Encyclopaedia Britannica,' written something like sixty years ago, 
and it so happens that early in this half-century — 1853 or there- 
abouts — I tried, when surveying, to dull the light of heliostats by 
a reticulated screen. The screens which I used were made of the 
nicest woven cloth I could get, and I was under the impression 
that by using these I could conveniently observe in succession the 
very bright lights at stations where the Sun was clear and the fainter 
ones at those where the Sun was clouded over. I soon had to give 
it up, for I found it was impossible to take an angle when A 
was bright and B was dull to agree with those where A was dull 
and B bright. It was painful to observe the objects varying in 
brilliancy, but I got consistent results. With the screens I did 
not get consistent results when I came to dull the bright objects 
in this way, and that was clearly due to some introduction of personal 
error. I am pretty sure that in observing the distance between a 
bright star and a faint one if a bright star is dulled down by a 
screen, there is some effect, and 1 want to ask Dr. Gill how h^ 
does with the heliometer when he dulls one star down in that- 
way. 

Dr, Gill. With regard to the effect of the screen, I may say 
we have made thousands and thousands of observations. I have 
reduced Sirius down to the 8th magnitude, the result* being that 
you cannot by any possibility distinguish the reduced image from 
that of an unreduced 8th mag. star, the images are so good that 
probable error of the complete observation of distances on one 
night is only about yo j^hs of a second of arc. When you reduce 
a bright star down to a faint one you get diffraction-rays ; but if 
you use a fine screen these diffraction-rays are so minute that 
with a high power and the diffraction effects so far removed from 
the central image I defy the most keen-sighted astronomer to dis- 
tinguish between the image of a star so reduced and the image of 
a companion star of the 8th magnitude. 

The President, The images we have are not like those you see. 
Those we have seen are less than 7 minutes from the centre. 

Dr, Oill, No, in the photograph of the image of a Lyne, which 
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was taken at Greenwich, and which has been projected on the 
Msreen, only a single fold oE wire gauze has been employed, reducing 
the image perhaps 2 magnitudes only. The difEraction-eSects are 
therefore very bright, in the case of a bright star like a Lyrie ; but 
you will obaerve they occur at about 7 minutes of are from the 
central image, and they would be entirely invisible in the field of 
view of an eyepiece of high power, even if they were considerably 
closer thwi 7 minutes from the central image, for the field of 
such an eyepiece is much less than 14 minutes of are in diameter — 
probably only 3' or 4'. 

The following papers were announced : — 

//. C. Rvsiell. " Notes on some Star -photographs recently 
talien at the Sydney Observatory." 

S. W, Bwiiham. " The Companions to Begulus." 

Rev. S. J. Johruin-n. " Probably Early Observation of an Immer- 
sion of Titan." 

J. L. E, Dreyer. " Proper Motions of twenty Southern Stars." 

K. D. Naeyamvala. " Observations of the iSnusit of Mercury. 
1891, May 9." 

A, V. Nursmgrow. " The Transit of Mercury, 1891, May 9, as 
Been at Yizagapatam." 

F. McClean. " Photographs of Metallic Spectra." 

K J. Stone. " Observations of the Moon made at the BadclIfEe 
Observatory^ Onford, during the year 1890, and a Comparison of 
the Besults of the Tabular Places from lianseu's Lunar Tables." 

Baddiffe Oliservator^j, Oxford. "Observations of the Partinl 
Solar Eclipse of 1891, June 6." 

A. Marth. "Data for computing the Positions of the Satelhli-s 
o£ Jupiter 1891. With tables of the Inequalities." 

A. Marth. "Ephemerisfor Physical Observations of the Moon, 
1S91." 

Br. Jt. 0<^dand. " Observations of the Transit of Mei'cury, 
1891, May 9, made at the Eoyal Observatory, Edinburgh." 

T. Lewis. "The Orbit of 36 Andromedse (S 73). 

1^. H. M. ClirUtie. " Preliminary Note on the Change of Per- 
sonal Equation with Stellar Magnitude in Transits observed with 
the Tnmsit'GrcIe at the Royal Observatory, Orpenwich." 

Rkhard Edward Synge Cooper, Hillmorton Paddox, Eugby ; 
Hugh Frank Nenaull, Trinity College, Cambridge ; ISamvel H. Jlidr/e, 
S.A., F.R.6.S., 275 Victoria Parade Kast, Melbourne, Victoria, 
were duly elected Fellows of the Society. 

The following Candidate was proposed for election to the 
Society : — 

Lord Edxoard Spemxr CAurchitl (proposed by the Earl of Roase). 
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EOTAL METEOEOLOGICAL SOCIETY. 

The coDcluding Meeting of this Society for the present session 
was held on Wednesday, June 17, Mr. Baldwin Latham, 
M.Inst.C.E., President, in the Chair. 

Mr. J. J. Cohnan, M.P., Mr. E. B. Duhoff-Gordon, B.A., Mr. 
Q-. E. Leon, Mr. T. de C. Meade, Assoc.M.Inst.C.E., and Mr. F. 
Eussell, r.E.G.S., were elected Fellows of the Society. 

Mr. A. J. Hands gave an account of a curious case of damage 
by lightning to a church at Needwood, Staffordshire, on April 5, 
1 89 1. The church was provided with a lightning-conductor, but 
Mr. Hands thinks that when the lightning struck the conductor a 
spark passed from it to some metal which was close to it, and so 
caused damage to the building. 

Mr. W. Ellis read a paper *'0n the Mean Temperature of 
the Air at the Eoyal Observatory, Greenwich, as deduced from 
the Photographic records for the Forty Years from 1849 ^ 
1888." The paper includes a table of monthly means as deduced 
from 24-hourly readings from the photographic register on each 
day, and contains also an account of the way in which, at different 
times, Greenwich mean temperatures have been formed. It is 
further pointed out that neither ten nor twenty years is a sufficiently 
long period, as some persons have supposed, for the formation of 
temperature-averages in this country, and comparisons are given 
showing that the temperatures determined at Greenwich during 
the period covered by the table truly represent the general variations 
of temperature and are not affected by the growth of London in 
modern times, as has been by others imagined. 

Mr. Ellis also read a paper " On the Comparison of Thermome- 
trical Observations made in a Stevenson Screen, with corresponding 
Observations made on the Eevolving Stand at the Eoyal Observa- 
tory, Greenwich." From this it appears that the maximum tem- 
perature in the Stevenson screen is lower than that of the revolving 
stand, especially in summer, and the minimum temperature higher, 
whilst the readings of the dry and wet-bulb thermometers on both 
the screen and the stand, as taken at stated hours, agree very 
closely together. The results of special experiments made on days 
of high temperature and bright sunshine, included in this paper, 
show that the readings of the thermometers exposed on the re- 
volving stand (known as the Glaisher stand) are not influenced 
by radiation from the ground and the surrounding buildings in the 
way that has been frequently affirmed. 

Mr. W. F. Stanley exhibited and described his " Phonometer,'' 
which is really a new form of chronograph designed for the 
purpose of ascertaining the distance of a gun, from obsen^a- 
tions of the flash and report of its discharge, by the difference of 
time that light and sound take in reaching the observer. The 
instrument can also be used for measuring the distance of lightning 
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by timing the interval between the flash and the report of the 
thunder. 

A paper was also read by Mr. A. B. MacBowall on " Some 
Suggestions bearing on Weather Prediction." 



Selenographical Notes. 

Delambbb. — Though not far removed from the lunar equator 
and central meridian, and therefore conveniently placed for ob- 
servation, this fine ring-plain has not attracted much attention 
from observers, despite the fact that it is certainly one of the most 
interesting objects of its class, and is, moreover, situated in a 
district which includes features of a very noteworthy kind. 

The shadow of the lofty western border, which towers nearly 
1 5,000 feet above the floor, renders it impossible to see much of 
the interior till the Sun has attained a considerable altitude, or till 
the morning terminator has moved as far towards the east as West 
long. 5°, or farther. At this phase the centre of the formation is 
just in sunlight and the bright inner slope of the eastern wall is 
seen to the best advantage. In this, as in so many other of the 
so-called ring-mountains, the more or less irregular hexagonal 
outline of the loftiest section of the border is very noticeable. It 
is not so evident under low powers, but under a magnification of 
from 2 CO to 400 it is so obvious that it can hardly escape the notice 
of any but the most superficial observer. As this peculiarity of 
structure does not harmonize very well with existing theories as to 
the formation of lunar rings, it awaits the attention of the framers 
of hypotheses in the future. 

It would be difficult to find among objects of a similar type and 
size a more remarkably complex wsSl than that of Delambre. The 
inner slope consists of a succession of terraces or concentric rings, 
which, however, are to a great extent discontinuous. Below the 
culminating ridge on the south-east there is a deep hollow or 
valley whose lowest recesses remain sunless long after all other de- 
pressions on the slope are illuminated. Schmidt (in whose chart 
it alone appears) represents it as a " pocket," or row of inos- 
culating craters, and as a prominent feature. One or two of the 
secondary ridges or terraces on the south-west border are very 
lofty, — standing out amid the shadow of the western wall at an 
early stage of the lunar day. Neison shows nothing of these 
terraces, and Madler draws only one of them on the western 
side and none on the other. The floor includes no very lofty 
heights. Schmidt has a large central elevation with two craters 
on the eastern and a peak on the western flank of it. Madler and 
Neison draw two parallel rows of hills trending from north to 
south. On the night of April 15 this year, 8** to 9** 15", a power 
of 350 on ray 8)-inch Calver-reflector showed a well-marked ridge 
running from the large bright crater on the north border to two 
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deep circular pits, filled with shadow, near the centre, answering 
to Schmidt's craters. These objects were connected by a rill-like 
valley which possibly represents the depression between the hills 
shown by Madler. It is strange that neither he nor Neison show 
the pits, though they are very prominent. No other details 
were seen in the interior. 

The two fine deep crater-plains, Theon senr. and Theon junr., 
the names of which are, by the way, transposed in Schmidt's Chart, 
were at this time filled with shadow, and all the surrounding features 
displayed with great distinctness under oblique light. About mid- 
way between them lay what appeared to be a mountain-group 
much involved in shade and exhibiting detail difficult to define 
satisfactorily. On the following night the appearance of this object 
was entirely transformed, two shallow rings occupying the site, 
showing how important it often is not to decide as to the actual 
character of a formation until it has been seen under more than 
one phase of illumination. Schmidt draws curved ridges, inclosing 
craters, here, but the enclosures noted were far larger than his. 
Neison shows nothing, and Madler only two hills on the site. 

Running from the north side of Taylor a to the east of the 
Theon crater-plains and beyond, towards the north, is a prominent 
mountain-range which attains its greatest elevation at a peak 
marked a on Nelson's Map 21, a little south-east of Theon senr. 
At the eastern foot of this range, close under the peak, and at the 
time of observation partially involved in its shadow, 1 noted two 
brilliant white circular spots in close contiguity. On careful 
examination the more easterly of these objects turned out to be a 
crater filled with black shadow and casting a shadow. I could not 
be so certain as to the true character of the companion, that nearer 
the foot of the range, though at times it seemed to have a dusky 
(not black) centre. These twin white spots align with Theon junr. 
They cannot be traced in any of the maps, though Schmidt and 
Neison show a small crater near the site which may possibly 
represent one of them. They were so very conspicuous, both being 
at least 6° on the adopted scale, that one cannot understand why 
both are not inserted and specially referred to. 

There is a marked tendency in the hills and ranges on the south, 
and north of Delambre to a north-east to south-west direction - 
This direction is not rectilineal but slightly curved, the convexity 
being towards the south-east. Three very prominent parallel 
ranges abutting on the south-west w^all of the formation display 
the same tendency. Neison speaks of the ruins of a small ring- 
plain, Delambre a (with a central peak), on the north side of this 
formation. It can only be well seen at an earlier stage of illumi- 
nation than that which obtained when the above observations were 
made. It lies between Theon senr. and the wall. I have not 
noted the central peak. 

Beaumont House, Shakespeare Road, Thos. Qwyn Elgeb. 

Bedford, 1891, June 19. 
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Stellar Parallax, as determined by a Transit Instrument*. 

Wb have to congratulate Prof. Kapteyn on the successful inaugu- 
ration of a new method of determining relative stellar parallax, by 
the employment of a transit instrument for the observation of 
differences of Eight Ascension between the selected star and 
neighbouring stars of comparison. Nearly thirty years ago Prof. 
Auwers sought to determine the parallax of Groombridge 34 by 
observing the difference of Eight Ascension from contiguous stars, 
employing the equatorial of the Grotha Observatory. The conclu- 
sion at which that astronomer arrived was that the method adopted 
was distinctly inferior to that depending on heliometrical measure- 
ments; and the plan has been since abandoned. The measure- 
ment of the differences of declination by means of an equatorial 
has been applied by several astronomers to the investigation of 
stellar parallax with greater or less success, but Prof. Kapteyn's 
process appears to possess some advantages which that method 
cannot claim. The method of differences of declination usually 
necessitates measurements at very different altitudes, and is cor^- 
sequently accompanied by proportionate uncertainty in the calcu- 
lation of the small corrections for differential refraction, eliminated, 
it is true, to some extent by a judicious selection of the stars of 
comparison. But unless the star has a considerable latitude and 
the parallactic ellipse approaches a circle, the factors of parallax 
are small and inadequate. 

Prof. Kapteyn's process is quite distinct from that which has 
been recently applied by Dr. Belopolsky with great apparent 
Success. The Pulkowa astronomer has discussed the Eight Ascen- 
sions of certain circumpolar stars, observed above and below the 
l*ole when, the observations being made at different seasons of the 
year, a large factor of parallax is generally available. But if any 
Systematic errors exist in the catalogue of clock stars employed in 
"the reduction of the observations, which is the more possible as 
the fundamental stars are separated by approximately twelve hours 
of Bight Ascension, these systematic errors are likely to be trans- 
ferred to the deduced parallaxes. The plan of Prof. Kapteyn is 
free from this source of error, for the principal feature of this 
method consists in observing with a transit instrument, connected 
with a chronograph, the transits over a number of wires of the 
star whose parallax is sought, and of two others as nearly us 
possible symmetrically situated, at slightly greater and less decli- 
nation. The difference of declination should not be great, in order 
to minimize as far as possible any uncertainty in the determination 
of the errors of the transit instrument. The differences of Eight 
Ascension should be inconsiderable, to avoid a possible alteration 
in the clock-rate. The stars should also be as nearly as possible 

* BeBtimiDung Ton Parollaxoii durcb Begistrir^Beobachlungen am Meridian^ 
kreise von Prof. Dr. J. C. Kaptejm. 
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of the same magnitude, so that a personal equation, traceable to 
difference of magnitude which has been frequently observed, may 
not have a detrimental effect. Prof. Kapteyn employed a gauze 
screen in front of the object-glass to reduce the more brilliant of 
the stars to uniformity of apparent magnitude, and no doubt much 
of the success attending this first attempt is due to the care with 
which he foresaw and eliminated sources of possible error. 

The more nearly these conditions are fulfilled the more favour- 
able are the conditions for the determination of parallax. Practi- 
cally it has been found possible to so select the stars of comparison 
that the mean of their declination rarely differs 5' from that of the 
principal star. The differences of Eight Ascension have given 
rather more trouble ; sometimes it has been found necessary to 
sacrifice some of the wires in the transit owing to the stars fol- 
lowing too closely ; but these are details into which we cannot 
enter too minutely. 

Before describing the sources of error and the treatment of the 
observations, it may be as well to explain that the stars on which 
the experiment has been made are all remarkable for considerable 
proper motion, are confined to a zone of 2 1° in declination, and do 
not transit very far at their upper culmination from the zenith of 
Leyden, where the observations were made. Owing to duties 
connected with University work, the observations had to be made 
in the Easter and Christmas vacations, and under these circum- 
stances it might be anticipated that the stars would not be dis- 
placed by the total amount of the parallax. Nevertheless, by 
choosing stars which crossed the meridian near the evening 
twilight at one time of the year and near the morning twilight at 
the other. Prof. Kapteyn has arranged that the observations are 
accompanied with a very significant factor. In considering the 
applicability of the general method, it is important to bear in mind 
that the factor of parallax will be larger, and the method conse- 
quently the more favourable, the nearer the star is to the solstitial 
colure, for here the circle of declination is parallel to the ecliptic 
and the total parallactic displacement is parallel to the equator. 

Among the sources of error which may be anticipated there is, 
of course, an erroneous determination of the ordinary corrections 
of the transit instrument ; but since the particular zone in which 
each star occurs extends over so small a declination, this may be 
dismissed, as in any well-appointed observatory such corrections 
would be always under control. Of more importance is a possible 
change in the clock-rate, and the determination of this rate, with 
the necessary accuracy, has given Prof. Kapteyn some anxiety. It 
had been intended in the preparation of the scheme to determine 
the clock-rate from stars of approximately the same declination, 
but separated as far as possible in Eight Ascension. Bad weather 
prevented this arrangement being fully carried out, and it has been 
sometimes necessary to employ the daily rate, which, there is 
reason to believe, differs sensibly at different periods of the day. 
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Denying the hourly rates of the clock in three different ways. 
Prof. Kapteyn finds that the difference between these rates in 
spring and winter is as follows : — 

Spring. Winter. 

I — o''oii7 4- •0106 • 

II — '0099 +'0078 

IIL — '0124 +*oiio 

This result implies that with the clock-rate determined in the 
ordinary manner there will be a discrepancy of o'*022 in the length 
of an hour between the spring and winter observations, or, in other 
words, if the length of the hour be by the ordinary methods cor- 
rectly determined in spring, the winter observations will contain 
an error of o*'022. An inquiry of this character has evidently a 
wider interest than the investigation of stellar parallax. Unfortu- 
nately, Prof. Kapteyn is not able to give an adequate explanation 
of this fact. It cannot be ascribed to variations in the transit 
errors, nor to alterations in the length of the chronographic record 
of the second, and another plausible suggestion which is submitted 
seems also insufficient. It is possible that the pendulum-rod ex-r 
periences changes of temperature more rapidly than does the 
fliercury cistern. The direction in which such a cause would 
operate is in that which has been observed, but the amount would 
probably be much smaller. We venture to make another sug- 
gestion, the possibility of which has not been discussed by the 
Author. It is possible that the " latency '* of the electromagnetic 
Btyli which mark the chronographic tape is not constant. IJnfor- 
tunately we are unable to refer to the method by which the strength 
of the battery current is kept constant, and if no precaution is 
"fclien taken it seems possible that a variation of temperature in the 
oourse of the evening, which would alter both the resistance and 
the electromotive force, might alter the interval in the discharge 
of the styli. Cases are on record in which the time between the 
cjompletion of the circuit and the release of the armature amounts 
tx> c'04 second, subject to variation depending on the condition of 
"the battery. This cause would probably be insufficient to account 
for the whole of . the observed quantity, but recent investigations 
at Ley den have shown that the variation of the hourly rates is 
probably smaller than that found by Prof. Kapteyn. 

Many important pouits in the paper must be passed over for 
want of space, but it is desirable to record what degree of accuracy 
may be expected in this class of observation. In the first place 
we have the error of transit over the individual wires as deter- 
mined from the reduction of each to the middle wire, and the error 
of a complete observation as derived from a preliminary solution 
of the equations of condition, giving to the observations equal 
weight. The results, divided into the four periods at which the 
observations were made, are as follows : — 

yOL. XIT. u 
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Error of a 
single wire. 


No. of 
stars. 


Error of an 
observation. 


Mean No. 
of wires. 


No. of 
observationi. 


1st Period... 


0**0420 


242 


o«-oi68 


19*2 


391 


2nd „ ... 


•0438 


205 


•0178 


19*8 


263 


3rd „ ... 


•0395 


192 


•0173 . . 


io'6 

• «. • • ^ 


257 


4th ,, ... 


•0361 


184 


•0154 . . 


. . zv% 


321 



Mean '0404 *oi68 20*0 

From the mean value o**o404 of the error of transit over a single 
wire, the error in the observed difference of Right Ascension of 
two stars should be, when the transit is made over 20 wires, 

-ZJ^ = 0*'OI28, 

V 10 

a quantity sensibly smaller than the o"*oi68 given above. In this 
particular case the discrepancy may be explained by the fact that 
the errors for a complete observation are derived from a pre- 
liminary and not definitive discussion of the observations ; but as 
a rule, Prof. Kapteyn, as it appears to us, distresses himself by the 
want of uniformity in the amount of the probable error as derived 
by different processes, and possibly by too great an insistance on 
the accuracy of the final results being gauged by the deduced pro- 
bable error. This is, however, the Jess to be regretted, since it 
has induced the author to make an exhaustive inquiry into the 
freedom of the observations from systematic errors, and we cor- 
dially agree with his conclusion that systematic errors are ijot 
present in a noticeable degree. 

Finally, a comparison is instituted between the accuracy of tran- 
sit observations as compared with those made with the heliometeir' 
and with photographic processes. We can only give the results, 
and we believe Dr. Gill demurs to the value given in the case ofe 
the helio meter, and intimates that with his new instrument the 
errors are reduced by one half. The probable error in the deter- 
mination of the place of the principal star, referred to the middle 
point of the two stars of comparison, is, when observed over 
20 wires by the chronographic method, +o"*i32. The analogous 
quantity with the heliometer is +o"*o75 and with the photo- 
graphic process +o"*o86. The advantage in point of time re- 
quired in making the observation is believed to be on the side of 
the chronograph. 

Prof. Kapteyn has given a scheme by which the comparatively 
rapid determination of many parallaxes may be obtained. We 
beg to express a very sincere hope that the process may have a fair 
trial by some astronomer who has greater leisure than has Prof. 
Kapteyn, or, bett-er still, we trust that that astronomer may soon 
find himself provided with suitable instruments to enable him to 
carry out an inquiry to which he has already applied himself to 
such good purpose and under somewhat adverse circumstances. 
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1 Wb give in the following table his final numerical resulta for the 
1 parallax of the stars he has inyesligated :— 


1 B.B. vii. Si. 
1 B Ur«e Mflj. 
1 B. B. vii. 8;. 
1 so Leo. Miti. 
1 B. B. Til. iq. 
f B. B. Tii. 94.. 

B.B.Tii.M.. 

1*1. .0670*.. 


... ir=:+ci'o74+o-oi7 

= + -051+ 'Die 
... =+ ■ok± -0.. 

= + ■o6»+ -019 
... =+ -,76+ -024 

= + -101+ -016 
... =+ '0381 -027 

= - -011+ 'ois 


B. B. Tii, 104. 
» >. loS' 

.. .■ "4- 

„ „ 119. 


. n-=+o-4i8±o'03Q 
= + ■i68± -017 
. =+ -ojot •o^7 
. -+ -0.6+ -ojs 
. =+ ■i39± -o^fi 

=!-t- '038+ 042 

. -+'056±-''3+ 


1 


WrLLiAM E. Plumueb. 



The Orbit of 0% 269. 

Thbeh are very few measures of this close pair since it was Jirst 
observed in 1844 ; and all the positions we h;ive prior to 1883 are 
only single measures, scattered over a period oE forty years, aud 
some of them evidently with large errors. Engelmann, at the dute 




laat named, made a good series of measures considering the small 
aperture of his inatrument, and these observations furnish the key 
to an approximate determination of the period. Without them 
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it would be impossible to say with certainty, taking the measures 
together, whether there was any appreciable motion at all. 

I have lately measured this with the 36-inch telescope, and 
obtained a very satisfactory place for the companion at this time, 
although the distance is less than a quarter of a second. This 
pair is always difficult with , moderate apertures, as. the distance 
never exceeds about o"'4, and most of the time it is. much less. 
When the observations are brought together, it is apparent that 
most of them are of no use in a determination of the period. The 
errors are obvious when the whole series is considered. The fol- 
lowing are all the measures which can be turned to any account : — 

1844-31 2i8°-o o"'33 OS in 

1846-39 223 -8 o -39 OS I n 

1^51*39 228 -9 o -33 OS I n 

1861-26 242 -8 o '^^ OS I n 

1883-41 61-4 o -22 En 4n 

1891-26 213-4 0-22 /3 ^n 

I have carefully laid down these positions to scale, and after a 
number of trials have drawn the ellipse shown in the accom- 
panying diagram, which makes the areas described substantially 
proportional to the times. The observations as a whole are weU 
represented, considering the closeness of the pair. The observed 
distance in 1851 is evidently too small, and, according to this 
orbit, should be increased o"-o8, while that of 1883 is o"-o6 too 
large. 

From this apparent orbit we get the following : — 

Period 48-4 years. 

Minimum distance ©"-07 (1886) 

Maximum distance .... 0-42 

Major axis o -64 

Minor axis o -20 

Angle of major axis . . 48° 

The distance is slowly increasing, and in a few years it will be 
readily measurable with most refractors. 

This star is Lalande 25074, and according to Heis it is just 
visible to \he naked eye. OS gives the magnitudes of the com- 
ponents 6*5 and 7*0. The mean of my recent estimates gives 7-2 
and 7-7. Argelander has 6-7 for the combined Hght of both. The 
place (1880) is : 

E.A. if 2^"^ 26'\ 
Decl. +35*^ 32' f 

Lick OhBervatorj, 1891, June 10. S. W. BuENHAM. 
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CORRESPONDENCE. 

To the Editors of ' The Observatori/,* 

The late Prof. Schonfeld on the New Star of 1006. 

Gentlemen, — 

Allusion was made in the June number of the ' Obser- 
vatory' (p. 243) to the last paper written by Prof. Schonfeld, 
which was not published until after his lamented death, when it 
appeared in No. 3034 of the ' Astronomische Nachrichten.' May 
I offer you the following short account of its contents, which will 
perhaps interest jnany of the readers of the * Observatory ' ? 

Humboldt mentions, in the third volume of ' Cosmos,' a new 
star which has generally been supposed to have appeared in the 
year a.d. 10 12 in the constellation Aries. This was from the 
statement of Hepidannus, a monk of St. Q-all (who died in 1088, 
and whose annals extend from A.D.^709 to 1044); but Humboldt 
refers to another manuscript of the work of that writer which throws 
the dates six years further back, according to which the new star 
would have appeared in a.d. 1006. Now Prof. Schonfeld shows, 
from an Arabic and a Syriac chronicle, that the star was noticed in 
western Asia in a year stated to be 396 of the Hegira. The flight 
to Medina took place in 622 ; but as the Mohammedan Calendar is 
lunar and makes the year consist of 12 lunations ^r 354 days, the 
difference in reckoning the eras would diminish by twelve years 
in an interval of nearly four hundred years, and the year 396 of 
the Hegira would correspond to 10 12 of the Christian era. The 
date therefore in the eastern chronicle agrees with that in the 
annals of Hepidannus, according to the best manuscripts of the 
latter. 

But Schonfeld corrects Humboldt, not only in the date of the 
star's appearance but in the part of the sky where it was seen. 
The account in Hepidannus only states that it appeared " in 
intimis flnibus Austri, ultra omnia signa quae videntur in cobIo," a 
position which Aries could never have occupied at the place in 
question. Schonfeld points out that the word translated Aries in 
the Syriac record (this had already been indicated by Kirsch, one 
of the editors of the translation) means " sheep," and is not the 
word which denotes the constellation Aries, so that that ren- 
dering was only a conjecture. A very probable emendation of the 
original would make it the word used for the constellation Scorpio 
(in which several new stars have appeared at different times), 
which would correspond well with the expression of Hepidannus, 
and is therefore in all probability correct. 

Tours feithf ully, 
Blackheath, 1891, June lo. W. T. Ltkx. 
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The Eclipse of Columbus. 

Gentlemen,— 

At p. 58 of the Eev. S. J. Johnson's interesting little book, 
* Eclipses Past and Future/ he refers to Riccioli as taking the 
lunar eclipse of 1493, April 2, as the one of which use was mads 
by Columbus in frightening the natives into bringing hitn provi- 
sions, of which they had become neglectful. Biccioli does indeed 
give 1493 as the year of the eclipse of which "profuit non parum 
Christophoro Columbo notitia;" but assigns the day as October 22, 
when there could have been no eclipse at all, as the Moon was 
not quite full. In April 1493 Columbus was in Spain, after his 
return from the memorable voyage in which he discovered the 
West Indies ; in October he was on his second voyage thither, and 
. left the Canaries about the middle of that month. 

Mr. Johnson goes on to say that it is doubtful on which of the 
voyages of Columbus the event occurred, adding : " The ecHpse on 
the evening of March i, 1504, has also been given as the correct 
date." Reference to the account by Ferdinand Columbus of his 
father's life will show at once that the incident took place on his 
last voyage, and that the eclipse must have been that of Feb. 29, 
1504 (dated March i in 'L'Art de verifier les Dates,' because the 
middle of the eclipse fell at Paris early on the morning of that 
day). In a note in the English translation (by Smyth and Grant) 
of Arago's ' Astronomie Populaire,' this date is correctly given ; 
but Columbus is erroneously supposed to have been at the time in 
Hispaniola, whereas he was really on shore at Jamaica, having no 
means of leaving it on account of the shattered state of his ships. 
Many of his men too had -mutinied and deserted him, and he was 
anxiously expecting that relief which at last tardily arrived, from 
the Governor of Hispaniola. Tours faithfully, 

Blackheath, 1891, April 10. W. T. Ltknt. 

Epitaph of Maskelyne. 
Gentlemen, — 

la Eigaud's exhaustive account of the life and correspon- 
dence of Bradley, the epitaph of that distinguished astronomexr* 
(whose merit was so early discerned by his illustrious predeeessorr 
at Greenwich) in Minchinhampton Church is fittiugly recorded-^ 
But I do not think (at any rate I cannot find) that that o£ 
Maskelyne has been published anywhere. He was Astronome:«c 
teoyal during a longer period than anyone else who has held tha- 
office, slightly longer than Sir George Airy, who had not quit-^ 
6ompleted forty-six years at the time of his resignation in i88:»: 
"Whereas Maskelyne was appointed in the month oF February 176^ 
and he remained in office until his death in February 181 1. Tkx^ 
biographical notices of him which have hitherto appeared are e^t 
ceedingly meagre. It is well known that he was of Purton, 
Swindon, in Wiltshire, and was buried there. Thinking it »•'»" 
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be of interest to the readers of the * Observatory/ I wrote a few 
days ago to the present Vicar of Purton (the Eev. J. Yeysey), and 
asked him to favour me with a copy of the Maskelyne epitaph 
there. He kindly and promptly complied with my request, and 
informs me there are two inscriptions, one in English on the 
tombstone in the churchyard, the other in Latin on the monument 
in the Maskelyne Chapelin the church itself. The former runs : — 

Here are deposited 
The remains of Nevil Maskelyne, 

D.D., F.R.S., 

Astronomer Boyal Forty-six Years. 

He died on the 9th day of February, 181 1, 

at the Royal Observatory in 

Greenwich Park 
in the 79th year of his age. 

The Latin inscription in the church is : — 

In hujus -^dis Ooemeterio 
Depositae sunt Relliquiae 
NEVIL MASKELYNE. S.T.P., E.S.S., 
Necnon Astronomi Begii : 
Viri 
Seu Morum Simplicitatem 
Seu Animi Benevolentiam 
Seu Yitce doctissimse utilitatem 

Spectes, 
Insignis, Eximii, publice deflendi : 
Qui NaturfiB Leges exprimendo 
Auctorem Maximum potissime coluit : 

Sine fuco pius 
Pietatem officio exhibuit : 
Denique, non sibi, sed Christo fideus, 
In gremium Patris Sempiterni, 
Yitam bene uctam 
Futuri certa spe pracmii 

Reddidit 
Quinto Id. Feb : Anno Domini 18 11. 

One almost regrets that this inscription does not contain more 
reference to Maskelyne's scientific work, particularly to his esta- 
blishment of the 'Nautical Almanac/ It is interesting to re- 
member that the transit of Venus in 1761 was observed by two 
future Astronomers Eoyal, — by Bliss, who supplied the place of 
Bradley (too ill to observe himself) at Greenwich, and by Maske- 
lyne, who obiserved it (though only partially on account of the 
weather) at St. Heleua. Yours faithfully, 

Blackheath, 1891, April 13. W. T. Imsns. 

The Transit of Mercury as seen at the Madras Observatory. 

G£1<TLEM£N, — 

The following notes on the recent transit of Mercury, as 

observed here, may be of some interest to your readers. Mr. Pogson 

being unfortunately disabled by serious illness from any active exer- 

•^ aaked me to assist him on the occasion, and this I gladly did. 



Corresp o n dence . 
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The telescope wbicfa I used was the Lerebours and Seeretan equa- 
torial of 6| inches aperture, and the power employed for observinR 
the contacts was 102. Mrs. Pogaon observed with the Troughton 
and Simms equatorial of 8 inches with aa eyepiece of the same 
power. 

The first contacts took place before BUnrise, so that only thoaa 
at egress could he observed. The enrly morning was cloudy, andv 
until after 9 o'clock the Sun was only seen at intervals betwi 
clouds. I'or the Jast hour, however, the sky was fairly dear, but 
the air was very unsteady. The first points tfl which attention 
was directed were the central wfait« spot and the halo which have 
been recorded on previous occasions. The white spot was distinctly 1 
seen by Mr. Pogson and myself, and to both of us it appeaJ:%d tod 
be absolutely central. The appearaace was exactly such as one can ■ 
produce by placing a small opaque disk in a l)eam of diver^ing^ 
rays, and it is hard to believe that the cause is not the same. Ko 
trace of a halo could bo observed at any time during the tranait. 
After making careful observations of the spot, 1 examined the 
spectnim by means of a. direct-vision spectroscope attached to the 
telescope. The disk of Mercury formed a perfectly black band 
along the spectrum, and there was not the slightest trace of any 
thickening of the absorpl ion -lines close to the planet. Probably 
the power used was not aufticient to show this even if Mercury _ 
had a considerable atmosphere ; but the observation seemed to o^m 
worth making. The observations of the times of contact at egreatlfl 
were made with great difficulty on account of the unsteadiness ol^ 
the air causing vigorous undulation of the fimbs of both the San 
and the planet. The last internal contact was probably determined 
much more accurately than the last est«rnal contact ; but both 
are recorded couaiderabty before the times calculated from the 
general reduction formula in the ' Nautical Almanac' There vibx 
no sign of any ligament or black drop ; but just before the last 
external contact the part of the planet still on the Sun's disk 
appeared like a black triangular notch, which seemed t-o disappear 
and reappear repeatedly before Mercury was clear of the Sua. J 
The following are the reduced Madras mean times of contact 1 
observed and calculated : — 



I ton 

los^^^H 
and^^^l 

but I 





Madras M«iu Timea. 


1 Calculat)>d from 


M>^. PogBOn. 


K.A. Fgrtnulffi. 
C. M. S. 


Last Intflcnul Ooatact.. 
Laet External Contact.. 


h m 8 
»i 9 41 
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Mr. PogBon had hia favourite Smythian telescope of 3-J inches 
aperture, with a power of 95, ia readineBs in the open air; but 
wind and bad definition rendered it uwless except for an occasional 
brief and unsteady yiew, aud especially so juHt at the times of 
contact. It is only fair to add that counting of clock or chrono- 
meter was rendered scarcely possible to him and to Mrs. Pogaoa, 
owing to the presence of visitors, who Beemed unable to under- 
stand the necessity of quietness. Ail three telescopes were 
supplied with flrst^surface refleuting-priams so as to render their 
full apertures available with moderately dark neutral tint eyepiece 

There were two lat^e groups of spots visible on the Sun's disk, 
besides a small circular spot which looked very like Mercury 
except that it was surrounded by a well-marked penumbra. 

Madras, 1891, Maj 14. C. MiCHIB SMITH. ■. 



OBSERVATORIES. 
Greenwich. — The Annual Visitation of the Eoyal Observatory 
was held, as usual, on the firstSaturdayin June. The weatherwas 
fine generally, though passing clouds sometimes obscured the Sun, 
especially during the time of the partial eclipse, which many of the 
visitors watched with interest. The chief objects of interest were 
the stellar photographs (particularly a beautiful plate of the cluster 
in Hercules) ; the new building in the South Ground intended as a 
museum, and a nucleus for further additions : a new transit pavilion 
in the Front Court ; and the photographic records of earth-currents, 
which have recently been simply records of the new electric railway 
whenever it was in action, although the nearest wire is some miles 



from the r; 



way. 



The Report of the Astronomer Royal calls attention to the neces- 
sity for lai^ely increased accommodation in many ways, nnd it is to 
be hoped that the wings will be speedily added to the central 
building in the south ground, which was designed specially in view 
of such necessary extensions. One of the calls for more space 
comes direct from the Admiralty, who wish suddenly to largely 
increase the number of chronometers and deck-watches for the 
Navy. 

The regular work of the Observatory has proceeded along the 
usual lines. A project for determining the longitude of Montreal 
has been sanctioned hy the Admiralty, and preparations are being 
made for beginning the work this year. 

Under the genial presidency of Sir W. Thomson, the Visitation 
Dinner was this year a great success. It w as held at the Criterion 
Restaurant, the move from Greenwich to London being deemed 
advisable in view of the gradually changed conditions. The greater 
number of those present remained till an advanced hour, with 
every appearance of contentment. 



1 
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Pabis. — In his report for 1S90 Admiral Mouchaz calls attention 
chiefly to the completion of the building for the great Equatorial 
coude and to the creation of a Spectroscopic Department. The 
lott*}!' is at present under the direction of M. Deslandres, who is 
already earnestly at work. The Director then proceeds to make a 
powerful appeal for the ^emo^'al of t!ie Observatory, or a great part 
of it, to some spot outside Paris. This appeal has been made before 
and the SL'heine generally approved, but has notreceivedaufBeient 
support to carry it into effect. Admiral Mouchez insists that tbe 
matter is one of urgent necessity. One of the disturbing causes 
which make the removal necessary is of a rather novel kind, viz, 
the electric lighting of neighbouring streets, which makes stellar 
photography impoisible through fogging of the plate. But there 
are five other good sound reasons for the change, any one of which 
should be sufficient. 

M. P^rigaud has taken over the superintendence of the Meridian 
Service from M. Loewy. Some changes of real importance, though 
trifling in appearance, have been made in instrumentjil methods. 
Tbe large gas-jet used for illumination of the field has been reduced 
to insigniliL-anG dimensions, " protiting by a remark of M. Cornu." 
(M. Cornu is very strong on tbe point of redueing the siae of such 
jets. He declares that a match-flame is several times more than is 
actually necessary for the largest instrument, if a proper Ions be 
emploved.) The silver circles for micrometer-drums have been 
replaced by celluloid. The new mercury -hatha work very well, 
&e.., &c. 

M. Loewy's work progresses. His devices for observing circum- 
polara are receiving proper attention. The aberration -work being 
practically finished, an attack has been made on refraction with all 
its thermometric difficulties, M. Bigourdan and Mdlle. Klumpke 
have been active in the observations of comets and planets ; and 
the brothers Henry have taken 48 negatives of different regions, 
and solved the problem of enlargement of negatives. 

We are glad to hear that the second volume of the Great Paris 
Catalogue is nearly completed, with its accompanying volume of 
observed positions. 

The report closes with a few words on tbe Moutsouris Observa^ 
tory, which was established for educational purposes in 1875. The 
land assigned to this purpose was almost immediately bought back 
by the Municipal Coundl for a park at a price of 5000 francs, and 
with another 2000 francs generously giien by M. Bischoffsheiiu 
the original pavilions were solidly rebuilt, and since 1877 the two 
equatorials, two transits, and photographic appliances of the 
establishment have been freely open to all who wished to learn 
observing. Instruction is given on various matters besides actual 
observing, aud the institution is apparently very successful. 

Osrosn.~The report of the Savilian Professor cantaina one 
sentence to which we must take exception. It is stated that 



J 
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^^* from peculiar circnmstanoes not likely to recur for a long time^ 

"^he Observatory work during the year has been both varied and 

^^atctive." Hie alteration we would suggest is only slight in form, 

"^ wit, the substitution of *' varied as well as active " for the la«t 

four words ; but those who know Prof. Pritcbard will safHciently 

recognize the injustice he has done himself to prefer the emendation* 

The ** variety " is that of a transition stage. *^ The completion 

of tbe whole scheme of the determination of stellar parallax^ as 

origimdly conceived, may be said to constitute the second epoch in 

^ History of the University Observatory. The publication of 

the photometric work in the ' Uranometria ^ova Oxoniensis ' I 

regard as the first. In like manner the third epoch now com- 

menoes with the construction of the Photographic Star Chart.^ 

Kany happy returns to the 2-epoch'Old youngster! 

i>etail8 of the preparations for the new work occopy a con- 

aiderable portion of the report. Mr. Plummer has quite obviously 

faera ^both varied and active." ProL Pritcbard s well-known 

•Ifeciion for a wedge has led him to devise one for measuring the 

pliotographic magnitudes of stars, as already described io ttie 

^ Mcmtlily Notices.' The financing of the new work appean to be 

Batisfaerory as all Prof. Pritchard's simibr dealings with the 

mTO^ty. An interesting relic associated with the two Uer- 

^idiels has been acquired for the library, viz. ^a print of the 

^%0-foat tdeseope from a negative by Sir J. U^schel, the earliest 

^ f er taken on glass, which may be aiid to be the foondat ion of 

{ribotognphy." 



^nsDAJK. — An interesting aecoont of the Potodaa* triad of 

^3»bBemirories lAstrophyacs. Met&oroiogy, and G«od»yiL eontri- 

%Mrted by the refpectire directors. ha4 been ofidaillr puUiftk^iL 

^%e bi^tofy and wosk of each is folly detaiksd, and eifxsDeat plaos 

^md SlastnftBons ars added. Tbe Astropbysieil O^wemtory con- 

andera itK^ tlie child of the stirrictg areola of i S70. TIm; idiea of 

maiA mn dbwrrstory had be>» entesftaoMd for aooMr p(sanL, bat tlie 

-actna] eateldisiiaMot of it first becaiiM: poanbBe ^'tknwigli th& iwv 

eoDStitatkiD of ttme G«mian ISasifciPt after tber giormi* war of if^o 

and 1 67 1, aad At txmseiawmx d/nmuaA on indestrr and cwwrwy 

VlI aUn aK9ESfiC« 



Taxico^. — W^ are g3ai to ti^ tb& fim fanocsSitr of tfacr jmllBtca' 
tionfi. dift»id i*»^i. Is o^tfzu^ ]xr»ecSeiiZr vitk tbt JK^nl Brkf. of 

iHti^ Fh^^mt Cve^ si'r<e- a.'j m>;^:i::^ ja^ awsctlk f^Tou 17^, p. 2^a» 
and wfakfti •ooBft^ofesl r^ Obiersafiory. TbRi fofiJHrw asi hadOUarxM 
introdu^uxi azui tto pkC(«c!fr •om Af^nronMBUieal HiMCogsjai^-y* Sir 
wfai^ -^ «iKmc/jrr b»' «> ^ a^r pi>^a«tf 4itvoc««L titer iim •uf 
Hmsk; bBBor a s^^btsoL rtrx-r of thu <fefauiabcatft of A^rHUMnnr 
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from its rudimentary stage to the present culmination in the work 
of the Chart, and the second an account of a visit to Paris by 
Father Lais. The observatory being yet in its infancy, there are 
but few observations (chiefly meteoric and meteorological) to 
record ; but it is an excellent start to publish whatever there may 
•be without delay ; and there is after all a good deal in i8o pages 
quarto. 

San Ebenaijdo. — Capt. J. Yiniegra has been appointed Director 
in succession to Capt. Fujazon, whose sudden death we announced 
some few weeks ago. 



PUBLICATIONS. 

West-Afeican LoNGiTrDES. — " The longitudes of many places 
on the West Coast of Africa have long been in doubt. When, 
therefore, at the end of 1889 telegraphic connection between St. 
Paul de Loanda and Cape Town was on the point of being com- 
pleted, the opportunity of utilizing the cable presented by the fact 
that Commander T. F. PuUen was to be relieved from command of 
H.M. surveying-vessel " Stork " at Simon's Bay was gladly seized, 
and it was arranged for him to visit in one of H.M. ships as many 
of the stations where the cable touched as was possible and were 
considered healthy, so that he might determine the differences of 
their longitude from the Cape Observatory, an object in which the 
Astronomer at the Cape warmly cooperated." In these words the 
Hydrographer introduces to us the results of the work of Com- 
mander Pullen, which cost him his life. Both the quantity and 
quahty of that work are astonishing. On 1889, June 10, Com- 
mander Pullen arrived at the Cape Observatory, knowing scarcely 
anything of what was required of him. Within a few months he 
had mastered the subject and determined the longitudes of Port 
Nolloth, Mossamedes, Benguela, St. Paul de Loanda, Sao Thome, 
and Bonny ; but on November 2 he died from malarial fever con- 
tracted at Bonny on October 27. And although he was only 
armed with a vertical circle, which seems to have had some instru- 
mental defect only subsequently discovered, the accordance of the 
results points to such extraordinary care and skill on the part of 
the observer as to recall to Dr. Gill, who has reduced and published 
the observations, a remark of Prof. Winnecke, " that the best 
possible training for an astronomical observer is a long course of 
accurate yjorJc on land with the sextant." 

The details of the operations are perhaps too technical to in- 
terest the majority of our readers, though we must pay a tribute 
in passing to the skill of the editor, Dr Q-ill, who has had to deal 
with a set of observations affected by that tiresome class of instru- 
mental defect which is only disco verabje from the reductions, and 
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' which seems to have been in this case a dropping of the wireframe 
through a few seconds of arc. 

But an important sentence occurs, made in the concluding re- 
marks, viz. : " It is worthy of note that in the determination of 
all these absolute longitudes (with the exception of Bonny) by far 
the largest source of probable error lies in the determination of the 
longitude of Aden. It would be of considerable interest therefore 
to redetermine the longitude of Aden with the utmost possible 
refinement." 



NOTES. 

The Past Summer in Austealia. — By a meteorological report 
deceived from Mr. Todd (Adelaide, Australia) it appears that the 
j)ast summer in Australia has exhibited some remarkable climatic 
conditions. With one exception, that of 1884-85, the summer 
just concluded has been the coolest since the Observatory records 
l)egan in 1857. Mr. Todd makes a detailed comparison of these 
'two summers, and, briefly summing up, finds that the summer of 
3884-85 was very cool, rather cloudy and wet, with a mean baro- 
onetric pressure about the average, whilst this year it was very 
<;ool, very clear and dry, with a high mean pressure. As to the 
"prospects of the coming winter, it has been found, from an exami- 
natiou of previous records, that a " cool summer with a high baro- 
meter " is followed by a dry winter in eight out of eleven cases ; 
but Mr. Todd hopes that the coming winter may prove an ex- 
ception to the general rule. 

A GOODLY company assembled at the Boyal Institution on 
Wednesday, June 17, at 4 of the clock, to hear Lord Bayleigh 
lecture on Faraday. This and another lecture by Prof. Dewar 
were arranged to celebrate the Faraday centenary. The Prince of 
Wales presided, and after the lecture admitted several distinguished 
foreigners to honorary membership of the Institution. The pub- 
Hshed list of such admissions was a long one, but only four of the 
nominees were present in person to receive the portfolios con- 
taining their diplomas. In the lecture Lord Kayleigh concisely 
expounded Faraday's physical discoveries ; and it was rather the 
manner than the matter of the exposition that was at all new ; but 
one point was specially interesting. The lecturer had found in 
Faraday's notes a description of waves seen on rare occasions in 
smooth water on a flat beach, with crest parallel to the direction of 
the wind instead of perpendicular to it as usual. He could not 
account for these theoretically ; and almost doubted the observa- 
tion until recently, when he had been able to verify it himself ; 
but he " still doubted whether anyone but Faraday and himself 
had ever noticed such waves ; " and the matter was significant as 
attesting Faraday's wonderfully keen powers of observation. 
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Wb had already in type, as an addeiidum to the letter of Prof. 
Michie Smith on p. 267, an ettract from a personal letter sent at 
the same time which spoke of the serious nature of Mr. Pogson's 
illness. Only too quickly was this folio \^ed by the news of his 
death, which will come to many as a great shock. Mr. Fogson 
has been for a long spell of years in India without returning home 
at all ; and has not conspicuously succeeded in overcoming the 
peculiar difficulties of his task as Director of the Madras Obser- 
vatory. But his earlier work, especially that at Oxford, has made 
his name familiar to all. He discovered in all 8 minor planets 
and 20 variable stars ; but the simple suggestion for a uniform 
Scale of star magnitudes is probably his best claim to fame. 
Mr. Pogson was 6^ years old, and had been at Madras since 1861. 
He died on Tuesday, 1891 June 23. 



New Method fob dbtebmining Abbbbation. — The failure of 
Talcott's methods for determining aberration, owing to the alleged 
variation in the latitude, has led Dr. Kiistner, of Berlin, to devise 
a new method*. The difference of declinations of two stars, 
deduced from meridian zenith distances on the same day, is inde- 
pendent of the particular value of the latitude on that day ; but 
if the stars are separated in R.A. this difference will be affected 
by aberration, the factor being a multiple of cos h sin jKaj — oj, 
where a^ and a^ are the right ascensions and Z the mean decli- 
nation of the two stars. If, then, a series of stars be selected at 
nearly the same declination 3, and at R.A.'s a^, Og, 03, &c. ; and 
these be observed in pairs at a place latitude ^, and consecutive 
differences of declination formed round the cycle, the sum of thes^ 
differences (which should be zero if there were no aberration) is 
the constant of aberration multipUed by 

2 sin ^ cos 5[sin ^(a^ — aj,) + sin K<*a"""3) +- • • . +sin |(a„— a^)]. 

The constant of aberration can thus be determinated from the 
sum of these differences, and is best determined when this factor 
is large, t. e. when 

(i) ^ is large, or the place of observation is as far north as 
possible. 

(2) The differences a^—a^, aa""°3» ^^' *^® ^ equal. If there 

27r 

are p of them the value of each will be — , and the factor becomes 

J. p 



(psin - j sin cos ^, 



which increases as we increase p. 

When p=2, the value of the bracket is 2 ; and when p is infinite, 
the value is tt. In practice not much is gained by increasing it 
beyond 3 or 4. The method thus comes to this : — Choose (say) 
4 stars, or groups of stars of nearly the same declination, and of 
E.A.s a, a + 6**, a + I2^ a + i8\ Observe declinations of the 

* Astr. Naoh. "So, 3015. 
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first two on the same night for as many nights as are (convenient 
and daylight allows. Then continue with the second and third ; 
then with the third and fourth, and finally, the fourth and first. 
On adding together the differences of declination the sum will be 
found to differ from zero, and when divided by the above factor 
will give the constant of aberration ; and this result will be inde- 
pendent of any but diurnal changes in the latitude. 

Dr. Kiistner considers the application of the method in practice 
for different instruments, and gives an example of the method 
from Z.D.s observed at Berlin by Dr. Marcuse, the constant of 
aberration coming out 2o"'49o + o"'o 1 8. But this is only a pre- 
liminary example. 

Variable Stars of Loitg Period.— We should like to call 

ciittention to a Harvard circular asking for cooperation in the 

observation of 1 7 circumpolar variables of long period. " Many 

«i8tronomers,*' it runs, "provided in some cases with excellent 

telescopes, find difficulty in using them in such a way as will really 

sdvance astronomical science. The study of these variables seems 

especially adapted to such cases. Except the telescope itself, no 

delicate apparatus, like clock-work or micrometer, is required." 

The subject of investigation is the light curve of these stars. The 

methods to be followed are clearly and simply explained in the 

circular, a copy of which can be obtained from Harvard College by 

such as desire to take part in the work. " All persons observing 

the variable or comparison stars according to the system described 

above are invited to send their results to Cambridge (Mass.) for 

reduction and publication on same system as our own observations. 

. . . Should this work commend itself to astronomers, it is hoped 

to extend it to the other variables of long period." 

Double Stars. — In the ' Astronomical Journal,' No. 241, Prof. 
Glasenapp gives some measures made in 1890 of fourteen stars 
noted as double in the ' Uranometria Argentina.' With two ex- 
ceptions, which are also in Mr. Burnham's Catalogue (j3 347 and 
fi 639), these are the first published measures, as no measures 
were made at Cordoba. The observations were made at Q-ourzouff 
in the Crimea with a 6-inch refractor, and form really only a small 
portion of measures of 400 doubles made at the same time. Can 
we have the remainder ? 



Transit of Mercury, 1891, May 9-10. — Adelaide (Mr. C. 
Todd, C.M.G-.). — The ingress was observed here under very 
favourable conditions, the Sun's limb and the projection of the 
planet on the Sun's disk being very sharply defined. At egress, 
however, the definition was bad and observation of contact difficult. 
The phenomenon of the black drop was very distinct. A careful 
watch was kept for the planet, but nothing of it was seen after it 
passed off the Sun's disk. Mr. Todd was one of the observers who 
aaw Venus plainly after the transit of 1874. There was at times 
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a suspicion of a faint shading round tlie black disk of the planet 
during transit. Mr. Todd also thinks he saw some greyish 
iiiarkings on the planet itself, but says the impression was very 
doubtful and only mentioned for comparison with other observers. 

Gottingen (8chur). — The observations here ought to possess 
some value, as no less than eight observers successfully noted the 
contacts. 

Breslau (Galle). — Here also the transit was observed by three 
observers under favourable circumstances. 

Ghristiania (G-eelmdyden). — ^Two observers noted the times of 
contact. 

Heidelberg (Wolf) ; Gern (Krieger). — At both. Observatories the 
definition was very good. 

Dresden (Engelhurdt), — Images unsteady. Observation not worth 
much. The disk of planet was noted as much darker than the 
neighbouring sun-spot. 

La all the above the black drop was distinct and several times 
observed ; at Jena no drop was seen. 



The Meeidian of G-eebnwioh. — M. Tondini de Quarenghi 
thinks the meridian of Greenwich is unsuited to be a universal 
meridian because the climate is so bad. He says so in a note to 
the French Academy * ; and that of Jerusalem cuts the equator, 
the two tropics, the circle 45° N,, and the arctic circles on dry land. 
We are anxious that the question should be considered on all its 
merits, and are glad to help M. Tondini by stating these facts, 
though we are not responsible for pointing out their importance. 



Peobable Aveeage Paeallax. — Dr. Kleiber, referring to tKe 
well-kno\\Ti fact that a comparison of the spectroscopic results for 
motion in line of sight with the proper motions in arc will give a 
probable parallax, finds from the Potsdam spectroscopic results an 
average parallax of o"'07 for stars of the ist and 2nd magnitudes. 
He has previously shown how to estimate this parallax in another 
way by counting the number of stars already discovered (see No. 162, 
p. 185), and by this method finds o''*i2, which he considers dis- 
appointingly different from the former result. We are rather 
inclined to think the accordance very good for two such methods. 

It is always pleasant to hear of new developments of astro- 
nomical activity; and though the Astronomical and Physical 
Society of Toronto is now more than a year old, the annual volume 
of 40 pages quarto which we have just received is the first serious 
evidence of its birth. The meetings have evidently been success- 
ful. Not attempting too high a flight at first, the few members 
present have read together an interesting paper from some astro- 
nomical publication, or one of them has given an account of some 
important piece of work. But the Society already shows signs of 
passing out of this early stage, and we heartily wish it a pros- 
perous career, 

* 0. B. oxii. p. 1189. 



THE OBSERVATORY, 

A MONTHLY KEVIEff Of ASTEONOMT. 



Notes on Observations of Meteors. 

At about tUe end of the third week in July the meteoric aeaaon 
may be said to commence, £or twilight is theu leaving the midnight 
sky and the Peraeids begin to manifest themBelves in force. It is 
at this period that a great rise becomes apgarent in thu risible 
number of meteors, for many Aquarida aa well as Perseids are 
usually aeen, and especially so at the close of July. The meteoric 
observer should therefore trim hia lamp in preparation for renewed 
vigils and thoroughly utiKise a seaaon which offers every iuduce- 
meut to successful and agreeable observation. The nights are 
warm and often clear. Meteors are uncommonly plentiful. 
Several of the most interesting streams are displayed, and on the 
rtbole the prosiwct is one which guarantees an abundance of results 
to the active observer, • 

The work of recording meteors accurately is one needing con- 
siderable practice before desirable proficiency can be attained. 
An observer coming fresh to the work is apt to be confused at the 
suddenness of the phenomena and his earliest impressions are 
rarely to be depended npon. He is not accustomed to deal with 
eueh fugitive objects, and is certain to find that they exhibit a very 
erratic and untractable disposition. Just when he turns to the 
east he catches an imperfect glance of a meteor falling in the 
south, and then he decides to watch the latter region only to be 
again deluded, as a bi-ight meteoric dash comes from the point he 
was watching before ! It is very rarely that an observer is looking 
directly towards the exact place of a meteor's apparition. He 
generally has to turn a little to catch the object, and is almost 
sure to feel perplexed and unuertain in estimating the direction of 
flight. But with more experience he gains confidence and is soon 
abte to acquire a fair degi-ee of precision. His obserirationa accu- 
mulate rapidly and are found to indicate a series of radiant-points 
which he carefully tabulates and compares with previous records. 
The interest in his work then increases as he finds that several of 
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already 




tals corroborate showers 
p seTeral others are probably new and 
J developed. 
» akTwanls, simplf recording the meteors as 
:ti»iMikfailBBtf a proceeding that nnuntaina inteiest ; 
ionaf results and comparisons that encourage 
d effort. Every shooting-sfar has a signi- 
od it is the observer's duty to learn as much 
e £rom the evidence of his eves, 
f »N bii^t conducted from a garden, for an open 
\ ;xnuitF only a limited view of the firmament. A poal- 
qun *M( Jt doors c>uables the observer to glance to any region 
mtlte^ uni should a large meteor appear he will be able to 
ilMHilit >:»!^ ijiouid it fall in a part not comprised ac the moment 
lailAiR tthi tivld -^li observation. The light of such an object wUl 
I iMMii Iktu B» Mm round in lime to catch the end uf the path. In 
1M9' iMldLwwliMc an open situation ia uncomfortable, but its advan- 
taMUMobiiifituk 

Tft* dtettMifC must have his star-charts or celestial globe near 
biu 4V ^M) tbt^ tnt^eors may be quickly registered. A bull's-eye 
IkiikKii will !iiao be required, but its direct light must be kept 
Icwiii uuUfriijg ihin eye, for if the pupil becomes contracted it is 
iMHMWHbltr to discern small meteors. A chair with the back 
niUfcih^r uu.'liutHl is al80 a dusideratim ; but on a warm night, if 
Wwfcwg* <w ituw and the observer not very actively employed, his 
4«M£K<alll» pottitioik induces sleepiness and he has as much as he 
iNOi dbi tv kMp kia eyes open. A convenient way of observation 
ilk tei Imk agKOKt » horisontal bar, about jj feet from the ground, 
w 1)^ pNWMls llie fatigue that would be occasioned by standing 
tlwr mmt ^MX'i luul alIo^vs the observer to assume a posture which 
duutt uvt t>rV»i[ kMi i-ramp in the muscles of the neck. 

JitMMf cuutntMiHM is needed to assist eye-estimates, and this is 
Ivuttd iu It stnu^ht wand which the observer should hold in his 
tHwJi widi pi\9«'vt upon the path of each meteor directly it ia seen. 
M» WM^ \\m>x Uiote lis direction accurately and reproduce the path 
•M kj)« vbttrt W ukihe. When the special object of the observer is 
t«^<M»MMW m£utt'points, the exact places of beginning and end 
vf i^ii^ ^'^ **^ '^"'^ important features to observe as the direction ; 
^^iWm tW work is undertaken with a view to secure double 
v^MWKttlHMMi WkI compute the heights and real paths of meteors, 
UkhW k^ te VMM Mawitial to be precise as to the places of appearance 
VMA dk«U>MM«M,-V. 

VV» V* tW !».»•( dittioult elements in meteoric observation is to 
nrJ^i)itm,Vif iW 'hu\^<nu of flight correctly. In the case of very 
MtM ttwtvsvt« thi» is impossible, as the time of visibility is less 
VhM* VW^ «tfWMi.lt aud in many instances the apparition is simply 
iw UiMUiMtaWMHi'* li»ab having no sensible duration. With regard 
Wi»!\'4 ^y^'»^^H'■ m'prv'-umale values can be ascertained by counting 
W Ik mwJhmK'' )**i.v Wtd then, when the meteor is gone, repeating 
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the process and deriving the interval occupied by comparison with a 
watch. I managed to acquire tolerable proficiency in this work by 
getting a friend to discharge arrows from a bow while I estimated 
their times of flight and simultaneously determined them by means 
of a stop-watch. Practice at this will enable anyone to secure 
accurate results for slow meteors, for when the duration is 3 or 
4 seconds the error of estimation need not exceed 0*3 second. It 
is advisable under any circumstances to give the durations of 
all meteors recorded, even though the observer is conscious that 
the values are affected by large probable errors. 

The particular features of each meteor should be noted, for 
this is the " divining rod " from which their radiants may be ascer- 
tained. Streaks, trains, crooked paths, swift or slow motions, 
long or short courses, &c., &c., are criteria of the utmost signifi- 
cauce and must be registered for every object. The observer, in 
sifting his results, will then be able to allot the meteors to their 
radiants with some degree of confidence, and he will find that 
every shower has distinguishing features by which it may be 
recognized. 

The discursive motions of meteors on ordinary nights of the 
year have often occasioned surprise. Their lines of fiight are not 
consistent with two or three centres of emanation ; indeed, their 
directions are so various that a spectator may well fancy them to 
be scattered broadcast over the firmament and quite uncontrolled 
by any law of radiation from definite points. This arises from 
two causes, namely, the large number of streams in simultaneous 
play and their extreme tenuity. There are some scores of showers 
in action on every night of the year, and many of these do not 
discharge more than one meteor in 7, 8, or 10 hours in the sphere 
of vision commanded by a single observer ! These facts show the 
necessity for prolonged and accurate observation and for close 
attention to all those details which alone can enable the observer 
to discriminate between real and false radiants and to single out 
the trustworthy positions. 

The great abundance of feeble showers renders it imperative 
that observations during several nights should be combined, for by 
this means only is it possible to locate the radiant-points with 
safety. It may be thought that a display yielding only one meteor 
in about 8 hours is incapable of being determined, but this is not 
the case : an observer of experience will find it practicable by 
watching all through the night, by undeviating precision in re- 
cording the directions of flight, and by fully considering all those 
appearances which assist in the identification of the radiants. It 
is very interesting, though critical, work watching for these ex- 
hausted streams, for a really difficult object gives zest to the 
pursuit, and the observer is often more gratified with a success of 
this kind than with one more easy of attainment. 

The paths of meteors seen should be registered in a book ruled 
for the purpose and the place of the assumed radiant appended to 

x2 
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n tbe obaert-atiotts have beea continued for 
InerveF may institute comparUons amougBt 
J the same dates iu each year and he wi\l 
• tenuous showers which were too weak to 
welvea in the results of a single year. 
i be kepi of the number of meteors visible di 
ienation. This wiU ultimately enable the 
i the horary a\'eragea for the different mont! 
k t« il^ rite nktire numbers for the difiurent hours of t] 

s with other observations or in any investi_ 
f depending upon the radiants of various observere 
B must be exercised. It has been truly said that 
» Bade to prove anything ;" and this is forcibly ap- 
iwofirions based on the radian t-poiats of meteors. If 
■ an idea witli respect to the grouping of radiants, to 
or ;^iu£tiiig radiants, or to their duration or difEusion, he 
the mass of inc^ng^uou8 results of past observers, easily 
aui Uie %urefi to suit his views. The whole subject is com- 
^LcU in sux eitreme degree, and 1 would advise the observer iu 
,tiii*iii( .-ii ti-uth to work independently of all previous results. 
■-■-xiuuiijaciBons will, of njurse, be useful, but his observations 
MIL U.J iji, absolutely tree from bias and untrammelled by any 
iUt<!iu|<t* to lualte them amenable to theory. 

Mtwil tuig Ijeen accomplished iu past years, but meteoric astro- 
i«u*»j' 'e- ijim i>f the voimgeal branches of tbe science, aud is far 
\»»i» l>aiH« JjBveloped in a thorough manner. As m the depart- 
niirUi ui uuiut-ts, so in this, there are some prominent facts of 
iMM'ir«<u.iuub whivh have yet to be explained. Diligent observers 
t» ■!»« »ilur» will doubtless accumulate evideuce that will enable 
Ifcvw'ub duulKs to be cleared away. Among the points requiring 
tU(i*K>r wttfutMu 1 may mention the following :— 

I '^t*utuiry HudianU. — Do meteors radiate from identical points 
* 'i>w luttKms (or several months in succession ? What are the 
t4llW>Hiv.-v& i/^ motion shown by the meteors from these stationary 
"""""""'* ■!,** *-\islMig) as their positions change relatively to the 

;. tfi^ab.^ iEM<f)<m(4. — The fact of displacement in a radiant is 
|j,«"^. i>» aJK' August Ferseids. What are the positions of this 
■H»u-v<; Vtwyiru July 8 and i8 and August 15 and 20, if visible 
'4i<i'4tK. i^>'w* tfj^n-ha ^ The du^ctiou and late of the displacement 
■^-«»ifw;vv«,> t-a the Lyrid radiant (AprU 18-21) requires further 
^,'^>M,>'*'»<;9/if.. rVe other periodicol displays should be closely watched 
.4^'>ii^ »4«*r M,-4i^itY for traces of change. 

^ 'S^*"* kW>«»w, — To what degree are radiants diffuse ? Is 
•W d'^if*/*'. tv«l or chiefly to be ascribed to observational errors 
^*v *,■ vW »!A'4MHMtt of meteors to their w rong centres ? In oases 
■» ■■*■><*•» JhS^Mim ^8ueh as the Andromedes of Nov. 27) is the 
\. ?««nJi M i<KMi^ed ? 
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4. Meteor Heights, — ^In certain instances of donbly observed 
meteors their beginning heights have been found to exceed 100 
miles. Further reliable cases of this will be interesting. 

5. Andromedes, — ^Do the meteors of Biela's comet (Nov. 27) 
form a complete ellipse and become visible every year like the 
Leonids, Perseids, &c. ? Is the shower widening with time ? Its 
observed duration in 1885 was much greater than in 1872. 

6. May Aquarids, — Is the radiant-point of this display at 
326° —2° (Tupman) or 337^ —2° (Denning)? 

7. Number of Meteors, — At what time of the night is the maximum 
of meteors observed, and does the hour vary with the season ? 

The elucidation of these and of other points that might be 
suggested will, no doubt, receive proper attention in future years. 
The utility of storing up observations of many hundreds of iEeeble 
showers is perhaps questionable. But we certainly need to learn 
more of the behaviour of the known systems, and to watch these 
narrowly, tracing their vagaries to just causes. This will furnish 
ample work to those who enter this delightful field of observation. 

Bristol, May 16, 1891. W. F. DBNNIN&. 



The Measure of the $2nd Parallel in Europe *. 

The measure of the 52nd parallel in Europe, between Valencia in 
Ireland and Orsk in Russia, on the borders of Asia, was proposed 
in 1 86 1 by W. Struve and Baeyer, and approved '>y both Belgian 
and English astronomers and geodesists. Of all arcs parallel to 
the equator and traversing our part of the world, it is certainly 
the longest (69 J°) ; and it is .also fortunately very easy to measure, 
for it crosses countries with very few mountains. But for the 
completion of this great work it was necessary, not only to labo- 
riously reduce the geodetic triangulations already made in 1861, 
but to undertake new triangulations, and to connect them with 
those previously made, and this by methods not always the 
same. The greatest part of the work fell on the Russian geo- 
desists; and their work has quite recently culminated in the 
publication, in two quarto volumes t, of the report on their 
geodetic operations and reductions for the measure of the Russian 
portion (39° 47') of the arc. In presenting this work and the 
general map of the triangulations between Valencia and Orsk to 
the Academy, I have the honour to make the following remarks in 
explanation : — 

I. The Map represents, as I have mentioned, all the triangula- 
tions in existence along the 52nd parallel in Europe, which have 
served as a basis for the calculation of the arc in question. But 

* Translated from * Comptes Rendus/ oxii. No. 10, p. 512. 
t MSmoirea de la Section topo^raphique de I'Stat m^or g^n^ral russe, Vols. 
46 et 47. Publics sous la direction dii Q-6n6ral Stebnitsky : St. P^tersbourg, 
1891. 
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these calculations are only complete from Haverfordwest iu Wales 
to Meuport in Belgium, and again from Tchenstokhov in Poland 
to Orsk. There are thus two lacunaB to fill in this great inter- 
national work — the first from Haverfordwest to Valencia; the 
second from Nieuport to Tchenstokhov. The length (in degrees) 
definitely measured is thus not yet 69 1°, but only 47 1° (7|° in the 
English part and 39^° in the Russian); 22° remains to be 
measured. 

2. The results of the English operations between Haverfordwest 
and Nieuport were pubUshed some time ago (1867) by Capt. 
Clarke ; but the Irish network, to Valencia, is still to be reduced. 

3. The Q-erman and Belgian network and reductions are not 
yet complete, for the German geodesists wish to publish them in 
German, which will be done under M. Helmert's direction. 

4. The Russian part of the 52nd parallel whose length, east 
of Tchenstokhov, is definitely established contains 39° 24' of longi- 
tude, and has no break. To determine the length in metres, 364 
spherical triangles have been calculated, 114 of which belong to a 
control triangulation made by M. Jilinsky. 

5. The numerical results of the measure of the Russian arc 
(Tchenstokhov — Orsk) and of the Anglo-Belgian arc (Haverford- 
west— Nieuport) are collected in the following Table ♦ : — 



Chief stations of the 
r^seaus and arcs. 


Geodetic dif- 
ference of 
longitude. 
=L. 


Astronomical 

difference. 

-/. 


;-L. 


Length of 

arc in 

metres. 


A. Bussian Arc. 

1. Tchenstokhov— Varsovie ... 

2. Varsovie — Grodno 


1 II 
' 53 5777 

2 48 lO'I2 

5 33 38-38 

6 50 14-77 

3 22 24*02 
6 26 12*99 

4 2 34*94 

5 1 27-02 

3 27 2322 


1 ll 

1 54 8-85 

2 48 345 

5 33 46*50 

6 50 23*70 

3 22 18*15 
6 26 25-35 

4 2 21*60 

5 I 35-85 
3 *6 47*70 


-firo8 

- 6-67 

-f 8*12 

+ 8-93 

- 5-87 
-f 12*36 

-13*34 
+ 883 

-35*5» 


131854*1 
i925oi'4 
370462*1 
469605*9 
243027*2 
441906-5 
277521-1 
344917-6 
2372908 


«. Grodno— Bobrouisk 


A. Bobrouisk — Orel.,. 


c. Orel— Lipetzk 


6. Linetzk— Saratov 


7. Saratov— Samara 


8. Sainara— Orenbourff 


Q. Orenboure— Orsk 


Total for Kussia 


39 26 3*23 

2 45 3071 
4 57 44*33 


39 25 51-15 

2 45 25-20 
4 57 4860 


- 5*51 
+ 4*27 


2709086*7 

1 89460-1 
340819-4 


B. English Arc. 

1. Nieuport — Greenwich 

2. Greenwich — Haverfordwest 

Total for England 


7 43 1504 


7 43 '3'8o 




530279-5 



* There are obviously several misprints in the Table as given in the 0. B. : 
those in columns L, /, and /— L have been conjecturally altered ; but the total 
for last oolumn (Russia) is given as 2709132*8, and if this is correct there is no 
internal evidence to show which of the items is in error. — H. H. T. 
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These figures give for Tnean length of a degree of longitude on 
the 52 nd parallel 

In Eussia. . . . 68^^*6412, 
In England . . 6S^'6SSo, 

which proves that the length is not the same all over Europe . 
We arrive at the same conclusion by considering different parts of 
the Eussian arc itself ; e.g. 

Yarsovie to Q-rodno 68^"* 7 66 2, 

Samara to Orenbourg .... 68^™'6556, 

whence it results that the 52nd parallel, in Europe, is not a circle 
but a nondescript curve approximately circular only; or the 
Earth's surface is so far not an ellipsoid of revolution. 

The accuracy of the above figures on which this conclusion, 
depends seems to be guaranteed, for — 

a. The geographical positions of the fundamental points of each 
trigonometrical network have always been determined, at any rate 
in Eussia, with good instruments, and observations repeated sia: 
times ; the longitudes are telegraphic. 

h. The geodetic operations have been controlled in Eastern Eussia, 
by an independent measure, by a single observer, who did not take 
part in the original work. 

It thus appears that the 52nd parallel is not a circle ; and a 
similar result was found for the 42nd parallel in the United States. 
Consequently, the Earth is not a perfect spheroid. 

YfiNUKOFF. 



Selenographical Notes. 

SiTNiiisB ON SoHiCKAED. — A Very moderate change in the angle 
of illumination at sunrise makes a great difference in the appear- 
ance of the western wall of this formation, — to such an extent that 
much of the curious and complex detail revealed before a ray of 
light reaches the interior is in a great measure untraceable when 
the loftier portions of the opposite border are in sunshine. 

At 8*^ 45"* on April 20, this year, the western wall was on the 
terminator, and no part of the floor illuminated. Under a power 
of 350 it was a beautiful object, exhibiting a bewildering number 
of passes, depressions, craters, valleys (mostly intersecting the 
border obliquely), and of hills with long spurs running out to 
nothing on the surface of the neighbouring plain. The valleys 
are mostly shallow, and the hills of no great altitude. There 
appears to be a complete absence of concentric mountain-ranges, 
*. e. of ranges parallel to the contour of the formation, the border 
consisting principally of short hill-sections presenting a convex 
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front to the interior, and ulHmat«ly trendiiig towards 
Bouth-west in the southern haJf, and to the north-west in 
northern half of the wall. This successinn of onned inflexions u 
well shown by Schmidt and Miidler, but no drawing, however 1 
carefully executed, can give more than a general idea of the in- 
tncae.j of the eircumvallation or of the detail diaplaved during the 
early stage of sunrise. 

At about 9" the first rays of sunlight reached the iloor over a . 
low section of the south-west w&U, iiluminatuig a small rectangular, J 
area, apparently a little north of the ring-plain a in Nelson's I 
Map XVI. A bright Kttle crater, casting a long spire of shadow, T 
was noted on the western side of this area, and in the midst o' 
the darkness, about midway between this and the south-east ^ 
(which was just coming into sunlight), another somewhat lai^;rfl 
crater was visible, which, though not traceable in the maps, appearsl 
to stand very dose to a. As stmrise advanced two isolated oval- 
ehaped patches of the floor immediately north of the rectangular 
area came into view, evidently representing slightly elevated dis- 
tricta thereon. I was not able to watch the progress of the 
illumination of the interior after 9" 30°, but i£ this was carefully _ 
done from first to last the position and character of many unre- j 
corded objects (especially craterlet^) and of doubtful feature? ' 
might be easily determined. The interior of Schickard abounds 
in interesting detail of every description, much of it well within 
the grasp of a good 4-in. achromatic, if examined during a suitable 
pbnse. The region on the eastern side of the floor includes 
numerous rills, crater-rows, ridges, &c., which, under a low morn- 
ing Sun and good conditions of libration and definition, would form 
a moat useful and interesting study. I devoted some time to these 
details during the year 1884, and published a drawing of mj 
observations made during the September lunation of that year, 
which will be found in the ' Journal of the Liverpool Astronomical 
Society ' for December 1888. 

In the country north-west of Schickard is a group of conspicuous 
ring-plains, Phocylides rf, Q, h, i, Ac., which are well worthy of 
examination. The largest, d, has, I believe, a central monntain 
which has been apparently overlooked, possibly because it is only 
visible under a low Sun. East of this is a curious C-shaped 
formation, resembling an incomplete ring, lacking a border on the 
east. The agreement between the maps of Miidler and Schmidt 
in this region, even as reganls minute objects, is very striking. 

The crater shown only by Schmidt ou the south-east wall of 
Drebbel was indicated on April 20th by a distinct notch in the 
rim of this formation, 

Beaumont Hoiiee, ShakeBpeare Eoad, Thob. GwT(f EWEB. 

Bedford, 1891, July i8. 
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CORRESPONDENCE. 

To the Editors of ' The Observatory J ' 

Assyrian Eclipses. 

Gentlemen, — 

It is somewhat remarkable that in aone of the ancient 
Egyptian inscriptions which have hitherto been examined is any 
record to be found of an actual eclipse of either the Sun or Moon, 
although obscure allusions to the fact of such phenomena taking 
place have been, as Mr. Eenouf has pointed out, in several cases 
met with. It is well known, indeed, that Brugsch thought, not- 
withstanding the objections of Chabas, that in an inscription made 
at Thebes in the reign of Thakelath (Tiglath) II., of the twenty- 
second dynasty of Egyptian kings, mention is made of an eclipse 
of the Moon. I referred to this matter in the number of the 
'Observatory' for April 1888 (vol. xi. p. 197) and pointed out 
that no eclipse occurred at the time mentioned. Mr. Eenouf has 
since informed me that the inscription, rightly interpreted, so far 
from stating that an eclipse took place, states in fact the very 
reverse. It is scarcely worth while to refer to George Smith's 
theory that the eclipse of April 4, B.C. 945, is referred to in this 
inscription, since its true date is nearly two hundred years after 
this time. 

But two, if not three, eclipses (of the Sun) do really appear to 
be recorded in the Assyrian inscriptions. The first of these occurred 
in B.C. 763 on the 15th of June, and was t<otal in or near Nineveh. 
There appears no reason to doubt that it is mentioned in the 
Assyrian so-called 'Eponym Canon,' which was interpreted by 
Sir Henry Rawlinson in 1862, from the fragments of terra-cotta 
tablets brought over by Sir A. H. Layard and placed in the British 
Museum. The inscription in question states (as kindly translated 
for me by Mr. T. G. Pinches, of the British Museum) that in the 
"Eponymy of Bur-sagale, governor of Gozan, a revolt in Assur 
[the city] took place in the month Sivan and the Sun was eclipsed." 
This, according to the Canon, was in the eighth year of the reign 
of As8ur-day-an, and the record must be allowed to fix subsequent 
dates in the Canon with a great precision. For although Oppert, 
by assuming a lacuna of 46 years in it, endeavoured to identify the 
eclipse with the annular one of June 13, B.C. 809, there seems 
little ground for this or doubt that the view of George Smith is 
correct, and the eclipse the total one of June 15, B.C. 763. 

An eclipse is also mentioned in an Assyrian tablet in the British 
Museum, which would seem to have occurred in the reign of Esar- 
haddon. Mr. Pinches thus translates the portions referring to the 
eclipse : — " Since the king my lord went to Egypt, an eclipse has 
taken place in the month Tammuz [corresponding nearly to our 

own June] When I brought the account of the eclipse of the 

month Tammuz, I sent it away to the presence of the king." 
It is very difficult to identify this eclipse with any resulting from 
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calcnlation ; the only conjecture I can make is that it may have 
been one which occurred on the 27th of May, B.C. 699, and was 
annular in India. 

The immediate successor of Esarhaddon was Assur-bani-pal. 
An inscription made in his reign was interpreted by Fox Talbot 
(see the Transactions of the Society of Biblical Archaeology, vol. i. 
pp. 13 and 348) to record the occurrence of an eclipse of the Sun, 
which, at the suggestion of Oppert, was supposed to have been 
that of the 27th of June, B.C. 661. The inscription, as translated 
by Talbot, states that it took place whilst the king of Elam was 
preparing an attack upon Assyria, and that " for three days the 
evening Sun was darkened as on that day." No eclipse of course 
could produce such an effect as this ; but he suggests that " it is not 
impossible that, in a very ignorant age, the report of such a wonder 
having happened in Susiana should be believed in Assyria, at the 
distance of many hundred miles, and have been chronicled by a 
superstitious scribe." B/C vising, however, a record by a conjectural 
process of tliis kind is always a hazardous proceeding, and on reading 
it J. felt doubtful whether an eclipse was really referred to in the 
inscription. But Mr. Pinches has kindly examined it again, and 
considers that the eclipse and the three days' darkness at evening 
are distinct occurrences, forebodings of evil to the king of Elam. 
He thus, in fact, translates the passage : — " Te-ummau devised evil, 
and Sin [the moon-god] devised against him forebodings of evil. 
In Tammuz an echpse at evening — he troubled the lord of light 
and the setting sun thus also for three days was troubled — it went 
forth for the end of the reign of the [king] of Elam. This [omen] 
was the announcement of his [t. e, the god's] decision, which 
changeth not." Upon the whole, therefore, we may fairly conclude 
that the eclipse of June 27, b.c.^66i, is really alluded to in this 
inscription. 

If I am not pressing unduly upon your valuable space, I should 
like to state in conclusion that I have not succeeded in finding the 
reference to the eclipse of B.C. 776 (the first year of the first Olympiad), 
said, in ' L'Art de verifier les Dates,' to have been recorded by Con- 
fucius in the Tcbun-Isicou [Ch'un Is'ew], written about two hundred 
years after that time. I have consulted both the ' Observations ' of 
Father Souciet, referred to in ' L'Art de verifier,' and Dr. Legge's 
translation of the Ch'uh Is'ew itself, in which it appears that the 
earliest eclipse mentioned is that which, according to our reckoning, 
took place on the 14th of February in the year B.C. 719. This 
agrees with the list given by our lat-e Assistant Secretary, Mr. 
WiUiams, in the 24th volume of the ' Monthly Notices.' 

Perhaps some one more versed in these matters will supply the 
reference to the eclipse of B.C. 776. Mr. Johnson, I need hardly 
remark, mentions it in his well-known work (of which many of us 
wish for a new edition) ' Eclipses Past and Future.' 

Tours faithfully* 

__ •* 

Blackheath, 1891, June 12. "W. T. LtnK. 
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Bern Time. 
Gentlemen, — 

The list of observatories in the * Nautical Almanac ' seems 
very incomplete. I do not know whether ifc is owing to Switzer- 
land being an inland country that there is no mention of Bern ; 
but it seems strange, considering the ' Nautical Almanac ' is not 
used only by sailors. It is singular that I cannot find any book 
that gives the longitude exactly, without which it is impossible to 
ascertain the Greenwich time of a country which is one of the best 
in the world for its time system. 

Tours faithfully, 

West Hendon HouBe, Sunderland, T. W. Backhotjse. 

1 89 1, July 24. 



OBSERVATORIES. 

Cincinnati. — Measures of the positions of 105 nebulae, and 
charts of the region surrounding 96 of them, are nicely printed in 
a small quarto publication of 50 pages. The measures were made 
with the ii-inch refractor in 1884, i^^S? ^^^ 1886, and are for 
the most part of objects south of the equator, many so low as to 
be beyond the reach of European observers. The position of each 
nebula with respect to one or more neighbouring stars was deter- 
mined with a filar micrometer, and a list of accurate positions of 
the comparison stars is given. But the information printed is 
surely somewhat meagre. For instance, in quoting the positions 
of these stars for 1890*0 as deduced from various catalogues, why 
not give the reference number in such catalogues ? It would not 
involve much more printing, and might save some trouble to 
anyone using the work. 

Hongkong. — ^The sixth volume of observations prepared by 
Dr. W. Doberck, the MS. of which is dated 1890 April 24, has 
been published; and shows that the meteorological observations 
and time-service have been maintained with efficiency. In the 
introduction the Director asks for another European as chief 
assistant, and Mr. J. I. Plummer has since been appointed to this 
newly created post. 

Tale. — The report of this Observatory is practically that of 
Dr. Elkin, the " Astronomer in charge of the heliometer." He has 
completed the work on parallaxes of the first-magnitude stars, 
which will shortly be ready for publication. A triangulation of 
the Victoria Comparison Stars (1889) has been made by Mr. Chase 
and partly reduced ; and progress has been made with a triangu- 
lation of Coma Berenices. 

The reductions of the triangulations of Iris Comparison Stars 
(1888) and of the pole are also nearly completed, the former being 
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chiefly the work of Miaa M. Palmer. The heliometer is no^i 
ilevoted to meaNurementa of the Satellites of Jupiter, uccorc 
Dr. H. Htruve's method for those of Satum. 

WAflnrRGTON. — The volume of observntionB for 1885 containB,! 
first, the regular meridtau obaervalions of Sun, planets, and star9!l 
(the annual catalogue containing 1063 stars); secondly, observations^ 
of 130 double stars and of the satelliteB of Saturn with the 36-incb ' 
eqimtoi-in! (Prof. A. Hall) : thirdly, micrometer observations of 17 
small planets and 6 coraets with the ()-6-ini;h ; ax\A, fourthly, three 
appendices important enough to he noticed elsewhere, viz., Lieut. 
Wiuterhalter's "Report on thf Astrophotographic Congress. 
Prof. Hall's monograph on " Saturn and its King ; " and Prof. ^ 
Harkness's work on the " Solar Parallax and Eelated Constants " 
The whole forms a nohle voluiue, and as evidence of the healtli j 
and vigour of the Ohservatory is distinctly reassuring in view dt I 
the laments we have recently noticed in the reports of the Super- I 
intendent aa to insufficienoy of staff. 

We have also received Appendix i to the volume for 18S6, con- , 
tftining magnetic observations made at the observatory in 
and 1889 by Ensign J. A, Hoogewerff, 



NOTES. 

A Photochronoghaph, — At the GeorgetoisTi College Obser- 
vatory somB fairly Fuceessfu! experiments have been made by 
Prof. Bigelow, Mr. SaegrouUer, and the Direyior, lather Hagen, 
on the application of photography to recording star-transits. A 
transit instrument arranged for this purpose has been dubbed " a 
pliotochronograph," and the methods used are described in a qnarto 

?ublicnlion of 36 pages. The experiments are still proceeding, 
t is justly remarked that this metnod should be very valuable in 
longitude M*ork, niuderiug an interchange of observers unnecessary ; 
thoi^h it may still be advisable to interchange instruments. . 

TuK STE1.IJ1B Clcbtkr i^i Prksm.— The two groups forming tJiia ' 
clitsi«r have from time to time oocupie«l the attention of observerB. 
Laintkut, liapunon', Bredichin, Krueger. and Togel bare all 
mrasur^l portions of the group with a view to investigate relative 
motiou. The present volame by Mr. Pihl, of Oiristiania, forma 
Die most complete ntotK^^raph of the group, and has been formed 
with grvat Mre. Mr. Pibt, who, as a business man. has a limited 
tim«' al his disposal, suflvivd for many yettrs from iU-health, koA 
tliis o^tplains the t*ther Imig ]>eriod(3o years') over which tbe 
obsM^'alions extend. He mast in *U mlvb rnkde sonte 4000 
uteAsuivs of the 136 stars in thi? gnwp. IVsv 236 Im hv ote- 
hwruitl, i^pcrti tSjo'canit fomi^n'ri, wWp jxwA4a. with oIlKr 
oMk^ues. Aftw dt9 pubbatkn of Tqgd*3 w wa ui M Hr. T9d , 
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iuade a compariaou of the two spts and fouad a very marked 
arsteraatit; difference, whioU be eveutually traced to the method of 
observing. Vogel's meauures were made with a wire micrometer, 
the time of bisection being noted, and the stAr disappears, if at all, 
only momentarily. Mr. Pilil used a. bar-micromeier, the times of 
disappearance and reapjiearanee being noted. A. very complete 
discussion of the errors to which the bar-micrometer givea rise is 
given. A chart of the clnster is appended. T. L. 

DiB JijLRUCiiE PAKAiL.vxj! nBs IStbbns OimrzEN 11677. — Since 
1883 Dr. Franz has made a aeriea o£ observatioua ivith the Konigs- 
berg heliometer {6-iach) with the view of determining the parallai 
of this star, whose proper motion on a great eircle is 3", wbich 
places it about izlh on the list. The parallax has aln^y beea 
determined with differences of H.A. and N.P.D. of transits by 
Dr. Gteelmuyden, whose results are respectively 5r=o"'27 + o"'o4 
and o"'24+o-04. Dr. Pi'anz geta 7r=o"-io + o"'oi. 

A.ETIFICIAL pBonucrioN of IIais. — Many meteorologists have 
found it an atcractive purauit to endeavour, by the study of past 
records, to predict the future weather ; but with the best means at 
command such prediction, even for a followiug day, cannot be said 
to have attained to a more than qualified success, whilst for longer 
periods nothing with any certainty whatever can at present be 
foretold. But if we are unable to predict the weather, it would 
seem in the minds of some that there is no reason why we should 
not. control it. Our readers will have heard more or less, no 
doubt, of the possible artificial production of rain by the firing of 
cannon. It is not a new idea, but some steps appear to be now 
about to be taken with the ohjecfc of bringing the question to a 
practical iest. We read in the 'American Meteorological Journal' 
that Senator Farwell has tarried through the United States Con- 
gress a bill appropriating a sum of money to be apphed to this 
object, the experiments being entrusted to the Agricultm-al Depart- 
ment. Mr. Femow, Chief of the Division of Forestry, in a com- 
prehensive report has given an account of what is known on the 
matter, from which it would appear from the evidence of past 
cannonades, great fires, &c,, that they afEord a very overwhelming 
proof ot rain having been by their influence caused to fall. 
Moisture may be precipita,ted if present in the atmosphere, but 
rain may be most wanted under clear skies, whore the drought is 
most severe. If, however, our friends across the Atlantic proceed 
to carry out the proposed experiments, we ought, in the course of 
time, to obtain some definite increase to our knowledge on this 
subject. 

DouBLH Stabs. — Mr. Burnbam has a long series of measures of 
double stars in the ' Aat. Nath.' 3047-48, representing his work in 
this department during the year 1890. No one can read Mr. 
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Buniham's remarks without notit-ing how thoroughly well pleaso 
be is with the great 36-inch telescope and itd equipoieat. Thia i 
pleasant knowledge, aa the measurement of the claas of duubla 
undertaken by Mr. Burnham must be a most severe teat alike o 
the glass, the clock, the micrometer, the illumination, — and of the 
man. Besides the re-measiirea of knovpn doubles there is a list o' 
70 new ones. The present list of measures gives ub an opportuni 
to make a remark on the working catalogues of double-st 
observers. Mr, Burnham says — " In the selection of stars for n 
observation 1 have endeavoured to take such pairs as could not, o. 
would not, be observed elsewhere, leaving the old binaries a 
other easy pairs to be looked after by other observers." B 
Burnham, besides being an observer of double stars, gives a glance 
to the motion indicated, and doubtless finds, as we have done, that 
a certain half-hundred favoured stars mouopoiize all the attention, 
and a search for measures of an interesting couple is vain. Wb; ( 
are speaking of published moaaurea. There may be some stored J 
away. May we aak that the following may be kept on the list ?' T 
They are old, very old, but measures are scarce. S 13, zo8, 255 
460, sri, iog3, 1216, 16S7, 1879, 23(5, 2525, 2729; OS 4, 12 
ao, 6z, 65, 82, 338, 3P5, and 400. T. L. 

Dr. GrOULD recently stilted that the Mt, Hamilton observation ' 
of Woif'B Comet (1884, III.) on May 3 gave one perihelion date by 
the E.A, and another by the declination. Mr. Hind, hows' ' 

comparing the place with Berberich'a orbit for i8gi, finds 

AX(C-O) = -o'-i, A/3 = -|-o'-2, 

thus differing from Dr. Gould's result. 

Mr. Hind abo points out that Mr. Lynn was in error in giving 
Tempel's Comet of 1867 as due at perihelion this year ; he makes 
the perihelion passage 1892 March 29-5, 

Thb EoTATiON OF Venus.— M. Niesten, of the Brussels Obser- 
vatory, respectfully begs to differ from the conclusions of M. 
Schiaparelli as to the alow rotation of Venus. He finds that a 
period of 23 hours suits drawings made by himself and M.Stuyvaert 
from 1881 to i8go, so well, Indeed, that he can make a map of the 
surface of thi' planet; though at the same time a period of some- 
thing o\'er zoo daya gives results ijuite within the Itmita of i 
of such observations. The subject is one of great didiculty, and 
there are very few of sufficient experience to discuss it adequately. 
MM. Terby and Folie, to whom the preaent paper was referr^ 
express I hmna el vea wi:h admirable diacrelion, and manage to dis- 
agree upon one point between themaetves in order (o illustrate the 
present dirided state of opinion among experts. 
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Sky TEaTB fob Stbllab PHOTOoaAPHl. — Dr. N". C. Dun^r 
comments * on the figures givea by the Astronomer Eoyal (M. "N. 
li. no. 5) in his proposal to use short exposures with a small tele- 
scope on Polaris as teats of the quality of the night. Mr. Christie 
states that " a faint image of PolarU is obtained with an exposure 
of 2' with the Dallmeyer 4-in. telescope," with rapid development 
" (say i" with the staudard developer)." Dr. Duner remarks that, 
by developing for 6'" instead of i", an image of Polaris can be got 
from an exposure of i' with a smaller telescope. But he seems to 
have misapprehended the point, which ia firstly to complete the 
whole operation quickly, so as to obtain Lnformatiou within a few 
mioutea (whence it is obvious that increatiiag the time of de- 
velopment by minutes in order to reduce that of exposure by 
seconds is not economy) ; and, secondly, to use so long an expo- 
sure that there ia a fair chance of estimating the average quaUty 
of the night. 

Eclipses op SiTtraif's Satellites, —Prof. 0. A. Young writes to 
the ' Sidereal Messenger' (No. 95, p. 251) r — " On the evening of 
Wednesday, April 8, while looking at Saturn with a friend, we 
noticed that Khea was missing, and. on examining the epheraeris 
found that the sateUite must he either behind the planet or else 
immersed in its shadow. 

" At 8" s6'°'o [Eastern Standard Time] she reappeared rather 
suddenly, about 3" from the planet's eastern limb, and opposite 
the parallel of 60° or 70° of south latitude. At first the satellite 
was very faint, but it rapidly brightened, and in about three and a 
half or four minutes had recovered its normal brilliance; thia 
would indicate for it a diameter of from twelve to fifteen hundred 
miles. The eyepiece was an achromatic giving a power of about 



Tub ninetieth birthday of Sir G, B. Airy (i8gi July 27) is an 
event of such general interest that we feel sure a brief reference to 
its celebration by his family and friends will not be deemed an 
impertinence. Saturday, July 25, was fixed for the reception in 
honour of the event, and Sir George reeeived in person the con- 
gratulations and good wishes of a large and distinguished company. 

Astronomy was represented by many familiar faces, including 
those of the Astronomer Soyal, the President of the E.A.S., and 
the Hydrographer to the Navy. It was delightful also to see 
Mr. Perigal, who walked up the hill with almost a jaunty step. 
Trinity College, Cambridge, of which Sir George is both the oldest 
ex-Fellow and the oldest Honorary Fellow, was repredented by its 
Master, Dr. Butler. There were many other guests whose presence 
was significant, as, for instance, Mr. Biddell, who was forty years 
ago charged by Messrs. Eansomea and May with the construction 

• Ast. Haeli, No. 3046. 
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of the present Transit Circle. He described to a small knot of 
most interested guests the dismay of the workmen and their 
employers at the demands of Sir G. B. Airy, especially those re- 
lating to the pivots. These were to be of chilled iron, 6 inches in 

diameter, and perfect cylinders to within -— ^ inch ! No error of 

this magnitude was to be discernible with a delicate spiiit- level ; 
and after trying all the most delicate methods of turning then 
known, the requisite accuracy was obtained by sheer labour — 
rubbing down bit by bit all the places which this same spirit-level 
indicated as too high. Each of the pivots cost six weeks of such 
labour ! 

Monday, July 37, the actual anniversary, was marked by the 
performance of a singularly appropriate ceremony. Sir Q-eorge 
turned on, for the first time, the gas which is to illuminate the 
Parish Church clock of Greenwich, and which will now be auto- 
matically and regularly turned on by the clock during the evening 
hours. The very hour (9 o'clock) at which he was thus once more 
concerned with Greenwich time was curiously in keeping with the 
occasion, and the excellent speech with which he concluded the 
ceremony bore evidence to his marvellous vigour. We sincerely 
hope to be present at an even more important celebration ten 
years hence. 



The Disc of Titan. — Herr Sarafik finds (Ast. Nach. No. 3046) 
for the disc of Titan, by comparison with the known diffraction 
discs of stars, a diameter of o"*35. His individual values range 
between o"*i4 (in strong moonlight) and o"*5i, and some 
correction for irradiation is therefore suggested. Prof. Pickering 
estimated Saturn as photometrically of the 0*9 magnitude, and 
Titan as 9*4 ; and thus, on the hypothesis of equsd albedo, the 
diameter of Titan's disc would be o"*33. These accordant measures 
suggest a linear diameter of between 2000 and 3000 kilometres. 



It is with very deep regret that we hear of the death of His 
Eminence Cardinal Ludwig von Haynald, Archbishop of Kalocsa. 
It is now 12 years since he built the Observatory at Kalocsa, 
which has turned out some good work, more especially physical 
observations of the Sun. 

Me. J. E. Keelbe, of the Lick Observatory, has been appointed 
to succeed Prof. S. P. Langley at Allegheny. 

The Astronomische G^sellschaft will meet at Munich on the 
5th of August. 

Peof. B. Gaftibe of Geneva would be glad to receive observa- 
tions of Comet 1890, III. (Coggia). 

Ebbatum. — P. 265, line 21, /or 1012 read 1006. 
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The Presidents Address to the British Association. 

" It is now many years since this Association has done honour to 
the science of Astronomy in the selection of its President. Since 
Sir Greorge Airy occupied the chair in 185 1, and the late Lord 
Wrottesley nine years later in i860, other sciences have been 
represented by the distinguished men who have presided over your 
meetings.'* 

Dr. Huggins had thus a somewhat exceptional opportunity for 
describing the activity and progress of the last thirty years ; and 
he used it with the ability which the world has recognized for 
nearly the period he reviewed. It is an ungrateful task to 
condense an address of which every sentence is interesting and 
important ; but to reproduce the whole 34 pages in extenso is in 
many ways not feasible ; and in apologetically offering the follow- 
ing brief notes to such of our readers as have not seen the original, 
v:e can only hope that they may be induced to obtain a copy of the 
* Times ' for August 20, or of the printed address from Messrs. 
Eyre and Spottiswoode. 

We must congratulate Dr. Huggins on a signal success, which 
has been recognized equally by the general public and those more 
familiar with Astronomy. ' The President's portrait has been an 
attraction of our illustrated papers : he is " the Man of the Hour " 
in the most modern of them ; and in one so ancient as to have 
celebrated its Jubilee there is a pictorial joke wherein a person 
who contrasts strongly with Dr. Huggins in all respects records 
his enthusiasm for the " President Bri'sh Soshiashlem." On the 
other hand, those who were already familiar with Dr. Huggins 
and his work have learnt afresh almost to their surprise 
how closely he has been identified with the " very remarkable 
discoveries in our knowledge of the heavens which have taken 
place during this period of thirty years." Not that the President 
materially assists in pointing this moral : rather is it pointed by 
the facts in spite of him. He is almost too eager to assign credit 
to others where he might justly have mentioned his own work. 

VOL. XIT. Y 
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With one notable exception, all those who have in any way con- 
tributed to advance our knowledge find themselves, sometimea 
perhaps nneipectedly, gratefully named and recoqmized. The 
eiception cannot be lightly passed over, and we cannot but feel 
that Dr. Huggins'a friends will deeply regret his action in this 
matter. We must admit that he was placed in a very difficult 
position. Having been recently engaged ia a scientific eon- 
, troTeray where he folt keenly that he was not debating on simple 
facts, but about the vital principles of scientific method, he was 
apparently anxious on the present occasion to avoid saying any- 
thing which might be taken as a contribution to this discussion. 
But we cannot regard this as a sufficient reason for absolutely 
excluding the name of Mr. Norman Lockyer from a professedly 
historical account of the recent progress of Astronomy. Such an 
exclusion is so obvious as to precisely defeat its own object, by 
calling attention to the very topics made conspicuous by their 
absence. 

But our province is rather summary than criticism ; and we 
proceed to perform that difficult task with such misgivings as are 
natural to the uninspired. The more definite purpose of the 
address is declared to be " not to attempt a survey of the progress 
of spectroscopic astronomy from its birth at Heidelberg in 1859, 
but to point out what we do know at present, as dbtioguished 
from what we do not know, of a few only of its more important 
problems." Eeference ia first made to improvements in the 
spectroscope itself, the introduction of the concave grating, and 
matters relating to a standard scale. 

"Lord Eayleigh has shown that there is not the necessary 
connection, sometimes supposed, between dispersion and resolving 
power, as besides the prism or grating other details of construction 
and of adjustment of a spectroscope must be taken into account. 

" The resolving power of the prismatic spectroscope is propor- 
tional to the length of path in the dispersive medium. For the 
heavy flint glass used in Lord Kayleigh'a experiments the thickness 
necessary to resolve the sodium fines came out I'oi cm. If tliis 
be taken as a unit, the resolving power of a prism of similar 
glasa will be in the neighbourhood of the sodium lines equal to the 
number of centimetres of its thickness. Ia other parts of the 
spectrum the resolving power will vary inversely as the third 
power of the wave-length, so that it will be eight tunes as great in 
the I'iolet as in the red. The resolving power of a spectroscope ia 
therefore proportional to the total thickness of the dispersive 
material in use, irrespective of the nuiuber, the angles, or the 
setting of the separate prisms inlo which, for the sake of conve- 
nience, it may be distributed- 

"The resolving power of a grating depends upon the total 
number of lines on its surfaoe, and the order of spectrum in use ; 
about 1000 lines being necessary to resolve the sodium lini» in 
the firat spectrum. 
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" Ab it ifl often of importan<a in fbe record of observationB to 
stale the effiiaency of the Bpoctroacope with which they are made, 
Profesaor Schuster has proposed the use o£ a unit ot purity as 
■well as of resolving power, for the full resolving power of a speo- 
truBcope is realised in practice only when a sufficiently narrow eht 
is used. The unit of purity also is to stand for the separation of 
two lines differing by one-thouaaudth of their own wave-length ; 
about the separation of the sodium pair at D. 

"A further limitation may come in from the physiological fact 
that, as Lord Eayleigh has pointed out, the eye when its full 
aperture ia used is not a perfect instrument. If we wish to realise 
the full resolving power o£ a spectroscope, therefore, the emei^ot 
beam must not be larger than about one-third of the opening o£ 
the pupil. 

"Up to the present time the standard of reference for nearly 
all spectroscopic work continues to be Angstrom's map of the 
solar spectrum, and his scale based upon his original determinatioas 
of absolute wave-length. It is well known, aa was pointed out by 
Tholdn in his work on the spectrum oil iron in 1884, that 
Angstrom's figures are slightly too small, iu consequeuce of an 
error existing in a standard mitre used by him. The corrections 
for this have been introduced into the tables of the wave-lengths 
of terrestrial spectra collected and revised by a Committee of this 
Association from 1885 to 1887. Last year the Committee added 
a table of corrections to Kowland's scale. 

" The inconvenience caused by a change ot" standard scale ia, for a 
time at least, considerable ; but there is little doubt that in the 
near future Rowland's photographic map of the solar spectrum, 
ftnd his scale based on the determinations of absolute wave-length 
by Pierce and Bell, or the Potsdam scale based on original deter- 
minations by Mullor and Kempf, which differs very slightly from 
it, will come to be eiciusively adopted, 

" The great accuracy of Sowland's photographic map is due 
chiefly to the introduction by him of concave gratings, and of a 
method for their use, by which the problem of the determination 
of relative wave-lengths ia simplified to measures of coincidences 
of the lines in different spectra by a micrometer. 

"The concave grating and its peculiar mounting, in which no 
lenses or telescope are needed, and in which all the spectra are in 
focus together, formed a new departure of great importance in the 
measurement of spectra! lines. The valuable method of photo- 
gmphic sensitizers for different jiarta of the spectrum has enabled 
Profeflsor Rowland to include in bis map the whole visible solar 
Bpectrum, as well as the ultra-violet portion as far as it can get 
through oui' atmosphere. Some recent photographs of the solar 
spectrum, which include A, by Mr. &eorge Higgs, ore of great 
technical beauty. 

'■ Duriug the past year the results of three iudopendent re- 
searches have appeared, in which the spetnal object of the observers 
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'has been to distinguish the lines which are due to our atmosphere 
from those which are truly solar — the maps of M. Thollon, which, 
owing to his lamented death just before their final completion, have 
assumed the character of a memorial of him ; maps by Dr. Becker, 
and sets of photographs of a high and a low sun by Mr. McOlean." 
We then pass on to consider how it gives us knowledge of 
the nature of the heavenly bodies. *' The task of analysing the 
stars and nebulae becomes one of very great difficulty when we 
have to do with spectra differing from the solar type. . . Under the 
ordinary conditions of terrestrial experiments the temperature or 
the mean vis viva of the molecules may have no direct relation to the 
total radiation. . . Very great caution is therefore called for when 
we attempt to reason by the aid of laboratory experiments to the 

temperature of the heavenly bodies from their radiation 

No less caution is needed if we endeavour to argue from the 
broadening of lines and the coming in of a continuous spectrum as 
to the relative pressure of the gas in the celestial atmospheres. 
.... A continuous spectrum cannot be considered, when taken 
alone, as a sure indication of matter in the liquid or the solid state. 
.... Compound bodies are usually distinguished by a banded 
spectrum, but, on the other hand, such a spectrum does not 
necessarily show the presence of compounds. . . It may be thought 
that at least in the coincidences of bright Hues we are on the solid 
ground of certainty ; . . . . such would be the case if the coin- 
cidence were certain ; but an absolute coincidence can only be a 
matter of greater or less probability : . . . . the progress of 
science has jbeen greatly retarded by resting important conclusions 
upon the apparent coincidence of single lines, in spectroscopes of 

very small resolving power The accuracy of the earlier 

determinations of the spectra of the terrestrial elements are in 
most cases insufficient for modem work on the Stars as well as on 
the Sun." It will be seen from these sentences that in this first 
section Dr. Huggins is chiefly anxious to point out what we do 
not know. He proceeds to concrete illustrations. <' The spectro- 
scope has failed as yet to interpret for us the remarkable spectrum 
of the Aurora Borealis, .... and especially we do not know the 
origin of the principal line in the green." ..." In the spectra of 
comets the spectroscope has shown the presence of carbon pre- 
sumably in combination with hydrogen, and also sometimes with 
nitrogen; and in the case of comets approaching very near the- 
Sun, the lines of sodium, and other lines which have been supposed— 
to belong to iron " ; but " it would be perhaps unwise at present? 
to attempt to define too precisely the exact condition of the matteir 
which forms the nucleus of the comet. In any case the part of^ 
the light of the comet which is not reflected solar light caa 
scarcely be attributed to a high temperature produced by the 
clashing of separate meteoric stones set up within the nucleus by 
the Sun's disturbing force. We must look rather to disruptive 
electric discharges produced probably by processes of evaporation 
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due to increased solnr heat, which would be amply sufficient to set 
freo portioiiB of the occluded gases into the yacuuD) of apace. May 
it he that tbeae discharges are assisted, and indeed possibly in- 
oreaaed, by the recently discovered action oi' the ultra-violet part 
of the Sun's hght ? Lenard and Wolf have shown that ultra-violet 
light can produce a discharge from a negatively electrified piece of 
metal, while llallwacha and Highi have shown further that ultra- 
violet light can even charge positively on unelectrified piece of 
metal. Similar actions on cometary matter, unscreened as it ia by 
an absorptive atmosphere, at least of any noticeable extent, may 
well be powerful when a comet approaches the Sun, and help to 
explain an electrified condition of the evaporated matter which 
would possibly bring it under the Sun's repulsive action. We 
shall have to return to tbia point in speaking of the solar corona." 
We come to more positive results in the case of the Sun. "A very 
great advance has been made in our knowledge of the constitution of 
the Sun by tbe recent work at the Johns Hopkins "University by 
aeaua of photography and concave gratings, in comparing the solar 
spectrum, under great resolving power, directly with the spectra of 
the terrestrial elements. ... If tbe whole Earth were heated to the 
temperature of the Sun, its spectrum would resemble very closely the 
solar spectrum, . . . Prof. Bowland looks to the solar lines which 
are unaccounted for as a means of enabling him to discover new 

terrestrial elements He has already resolved yttrium 

epectroacopically into three components, and actuaUy into two: 
„ . . . It is worthy of remark that as our knowledge of the 
epeetrum of hydrogen in its complete form came to us from the 
stars, it is now from the Sun that Chemistry is probably about to 
ta enriched by the discovery of new elements." 

"In a discussion in the Eakerian Lecture for 1885 of what we 
knew up to that time of the Sun's corona, I was led to the conclu- 
Bion that the corona is essentially a phenomenon similar in the cause 
of its formation to the tails of comets, namely, that it consists for the 
most part probably of matter going from the Snn under the actio^i 
of a force, possibly electrical, which Taries as the surface, and can 
therefore in the case of highly attenuated matter easily master the 
force of gravity even near the Sun. Though many of the corona! 
particles may return to the Sun, those which form the long rays or 
streamers do not return ; they separate and soon become too 
difiused to be any longer visible, and may well go to furnish the 
matter of the zodiacal light, which otherwise has not received a 
satisfactory explanation. And further, if such a force exist at the 
Snn, the changes of terrestrial magnetism may be due to direct 
electric action, as the Earth mores through lines of inductive force. 
These conclusions appear to be in accordance broadly with the 
linea along which thought has been directed by the results of subse- 
quent eclipses. Prof. Schuster .... asks whether the Sun may 
not act like a magnet in consequence of its revolution about its axis. 
^footBigelow has recently treated the coronal forms by the theoiy 
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of Bphericnl liarmonics, on the Hupposition Ihat we see phi 
aimilar to those of free electricity. . . . Prof. Schaeberle, how- 
ever, consiclers that the coronal pheTiomena muy be satisfactorily 
nccounted for on tlie suppoaition that the corona is formed of 
fltrcama of matter ejected mainly from the spot^zonea with great 

initial velocities Of the physical and the chemical nature 

of the coronal matter we know very httJe. The continuous spectrum 
.... can only he due in small part to solar light scattered by 
small particles. . . . The green coronal line baa no known 
representative in terrestrial suhatnnces, nor has Schuster been 
ablo to recognize any of our elements in the other lines of the 
corona." 

Passing ou to the stars, and the vexed question of the evolutional 
order na indicated by the spectra, Dr. Huggins mentions various 
views for the discussion of which " the few minutes which caji be 
given to this part of the Address are insufficient." He therefore 
confines himself to stating briefly some of the considerations in 
favour of the evolutional order in whicb he arranged the stars 
from thoir phott^raphio spectra in 1879. "This order is essentially 
the same as Vt^l had previously proposed in h' ' ■■■ ■■ 
1874, in which the white stars represent the 
most persistant stnge of stellar life, the solar 
full maturity and of commencing age; while ii 
red stars with banded spectra we see ihe setting 
old age ; " and tor this statement we must refer 
Address itself. 

The opening sentences of the next section we quote verbatim : — 
" In the nebulfe, the elder Herschcl saw portions of the fiery mist 
or'shiningfluid.'outof which the Heavens and the Earth had been 
slowly fashioned. For a time this view of the nebube gave place to 
that which regarded themasesterualgalasies.cosmical 'sand-heaps,' 
too remote to be resolved into separate stars; though, indeed, in 
1858 Mr. Herbert Spencer showed that the obsen^tions of nebuhe 
up to that time wer^ really lu favoiu- of aoi evolutional progress. 

"In 1S64 I brought the spectroscope to bear on them; the 
bright lines whicb flashed upon the eye showed the source of the 
light to be glovnug "as, aud so restored these bodies to what is 
probably their true |9ace, as au early stage of sidereal life. 

'* At that time our knowledge of stellar spectra was small. For 
thi» reaaoa partly, and probiAly also tuider the undue influence of 
tlieult^eal opiutous llwn widely pruvaleut, I unwisely wrote in 
IQT original ^per in 1S64, 'that in tlte«e objects we do longer 
hav9 to do wilh a special uuditkalion of oar own trpe of suu, but 
fiiul ourselves tu [>rt<«»t)<« of objects po^essiug a distinct and 

K'uliar ^>laa of stxtKtxwv.' Two years later, howevw, in a lecture 
luv this AssonUioo, 1 look a truer posjiioa. ' Our news of Ihe 
iuu<ran«,' 1 said, ' an.' uuder^ng inpoitant ctuuiges ; le) us wait 
(or lauiv fac43 >i'ith miuds uufotteivd by any dogBttbc tbeorr, aod 



early adult and 
»nditiun that of 
the orange and 
n and advance of 
■ur readers to the 



n 



Sept. 1891]. to tfie British Association. 299 

theifefdre free to receive the teaching, whatever it may be, of new 
observations/ " 

Reference is then made to the light thrown upon the nebular 
hypothesis in recent years : the work of Prof. George Darwin, and 
** some thinkers " on meteorites ; Mr. Roberts's photograph of the 
nebula in Andromeda ; and, finally, spectroscopic work on the 
nebulae, a subject so peculiarly Dr. Huggins's own, that we must 
reverently accept his dictum that no certain conclusions have yet 
been reached as to the origin of the nebular lines. The question 
is suggested as to whether we cannot go even one step backward 
from nebulae, and trace their origin in the collision of dark suns. 
The work of Darwin aad Poincare on rotating masses of fluid, and 
the remark of Mr. See that the solar system is quite an exceptional 
formation in the relatively large size of the parent body, are 
alluded to. 

The Address then passes to the use of the spectroscope in metrical 
astronomy, for determining motions of stars in the line of sight. 
Here, again, the observational diflSculties are so well known to 
Dr. Huggins, who originated the research in 1868, that his satis- 
faction with the apparently complete success of Dr. Vogel and 
Mr. Keeler must be considered of great significance, though a 
sudden diminution of the probable error of a class of observations 
to about one-tenth of its previous value, by improvements of no 
overwhelming importance in instruments, is at least unprecedented 
in the history of Astronomy. " My instrumental means, limiting 
iny power of detection to motions greater than 25 miles per second^ 
i^ere insufficient. Mr. Keeler has found in the examination of ten 
Debulae motions varying from two to twenty-seven miles, with one 
exceptional motion of nearly forty miles. 

*' The spectroscopic method of determining celestial motions in 
t:he line of sight has recently become fruitful in a new but not 
Bltogether unforeseen direction, for it has, so to speak, given us a 
separating power far beyond that of any telescope. . . The spectro- 
scope has not simply added to the list of the known binary stars, 
"but has given to us for the first time a knowledge of a new class 
of stellar systems, in which the components are in some cases of 
nearly equal magnitude and in close proximity, and are revolving 
with velocities greatly exceeding the planetary velocities of our 
system. .... The telescope could never have revealed to us double 
stars of this order. In the case of j3 AurigaB, an object-glass of 
about eighty feet in diameter would be needed to resolve this binary 
star." 

Dr. Huggins then passes to the " new power which modem 
photography has put into the hands of the astronomer. . . 
Photography is no new discovery, being about half a century old. 
. . .The recent successes in astronomical photography are not due 
to greater skill, nor, to any great extent, to superior instruments, 
but to the very great advantages which the modem gelatine dry 
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plate possesses for use in the observatory over the methods of 
Daguerre, and even over the wet collodion film on glass. . . Two 
principal directions may be pointed out in which photography is 
of great service to the astronomer. It enables him within the 
comparatively short time of a single exposure to secure per- 
manently, with great exactness, the relative positions of hundreds 
or even thousands of stars ; or the minute features of nebulsB or 
other objects, or the phenomena of a passing eclipse." And, secondly, 
" by recording light-waves which are both too small and too large 
to excite vision in the eye, it brings him ioto a new region of 
knowledge, such as the infra-red and the infra-violet parts of the 
spectrum, which must have remained for ever unknown but for 
artificial help." 

There follow a brief account of the proposed " Photographic 
Chart and Catalogue of the Heavens," references to Dr. Gill and 
Prof. Kapteyn's Southern Durchmusterung ; to questions affecting 
the photographic brightness of stars ; to Prof. Pritchard's photo- 
graphic method of determining parallax ; to the nebular and stellar 
photographs of Dr. Common and Mr. Eoberfcs ; and to Mr. Hale's 
photographs of the spectra of the solar prominences. 

Passing to the configuration of the stars. Dr. Huggins says : — 
" "We see a system of systems, for the broad features of clusters 
and streams and spiral windings which mark the general design 
are reproduced in every part. . . The deciphering of this wonder- 
fully intricate constitution of the heavens will be undoubtedly one 
of the chief astronomical works of the coming century." And 
then, after mentioning " some of the problems of the newer side of 
astronomy," to which time does not permit a fuller reference, he 
concludes : — " Astronomy, the oldest of the sciences, has more 
than renewed her youth. At no time in the past has she been so 
bright with unbounded aspirations and hopes. Never were her 
temples so numerous, nor the crowd of her votaries so great. The 
British Astronomical Association, formed within the year, numbers 
already about 600 members. Happy is the lot of those who are 
still on the eastern side of life's meridian ! 

** Already, alas ! the original founders of the newer methods are 
falling out — Kirchhoff, Angstrom, D' Arrest, Secchi, Draper, 
Becquerel ; but their places are more than filled ; the pace of the 
race is gaining, but the goal is not, and never will be, in sight. 

" Since the time of Newton our knowledge of the phenomena 
of Nature has wonderfully increased ; but man asks, perhaps more 

earnestly now than in his days, what is the ultimate reality behind 

the reality of the perceptions ? Are they only the pebbles of th^ 
beach with which we have been playing ? Does not the ocean 0^ 
ultimate reality and truth lie beyond ? " 
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New Nebula in Cygnus. 

Celestial photography has inured us to surprises. In attempting 

to estimate its future performances we instinctively expect the 

unexpected and count upon the incalculable. New nebulae, above 

iall, have by its means been brought to notice in such manifold 

guises, and under circumstances so singular, as well-nigh to exhaust 

the stock of available public wonder. Thus, to Dr. Max Wolfs 

latest announcement many preludes had been struck; in some 

respects it might be considered a Diere sequel to what had gone 

"before — a reiteration and confirmation of important truths already 

ascertained rather than an essential novelty. Otherwise looked at, 

however, it appears a beginning, a promise, and, even as it stands, 

a disclosure of no small moment. 

During the last year and half, Dr. "Wolf has been engaged at 
Heidelberg in photographically exploring faintly nebulous regions 
of the sky. The portrait-lenses employed by him for the purpose 
afford, because of their short focal lengths, small but intensely 
bright images, and are hence, as is now well known, particularly 
adapted for constraining diffused light, too feeble for the pro- 
duction of any effect in ordinary astronomical instruments, to 
become sensible. With one of these and an exposure of 5 J hours, 
he obtained, on January 2 last, a remarkable picture of the nebula) 
Surrounding f Orionis, earlier however, apparent on Professor 
i^ickering's plates ; and his investigations in several parts of the 
c'onstellation Monoceros have been effective both for discovery and 
ior assuring and extending the discoveries of others. But these 
:results were only preliminary to one of, it would seem, higher 
significance. Vaguely discernible, a little more than one degree 
to the south-east of a Cygni, an ill-defined nebulosity (Gen. Cat. 
4621) was observed and catalogued by Sir John Herschel. This 
now proves to be only the most conspicuous part of a vaster 
formation. Three Heidelberg photographs — the last taken June i, 
1891, in three hours, with a 5-inch Kranz aplanatic — show a large 
nebula, of excessively fine and complex texture, spreading outward 
from a central point located approximately in R.A. 20^ 54", Dec. 
+ 44°. Thence to the east and north, branches issue to a distance 
of at least eight degrees, meeting and involving dense galactic 
star-groups: a westerly extension passes between 55 and 57, and 
reaches a Cygni ; a distinct ramification condenses near 56 and 
57 Cygni; while from a Cygni to the north, by 51, w\ a>^ and 
to' Cygni, and as far to the west and south, fold upon fold of 
nebulous matter surges over the sky, becoming notably compact 
and luminous in the immediate neighbourhood of y Cygni. 
Dr. Wolf finds in these records unequivocal evidence that the 
bright stars in the region covered by them are in genuine nebulous 
'connection with each other and with the Milky Way accumulations 
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the7 emblaEon * ; and his description of them certainly aeema to 
leave room for no other inference. 

The importance of such an inference, it is easy to see, is funda- 
mental ; for we cannot stop short at barely sidmitting without 
further generalizing it. Its proved validity would then oblige us 
to regard the whole " golden Galaxy " as one prodigious mixed 
system, resembling that of the Pleiades in point of composition, 
though very different from it in plan of structure. Visibly nebu- 
lous in parts, it would seem to possess everywhere nebulous 
affinities ; and the progress of research tends more and more to 
exhibit it in the character of a teeming hive of cosmical bodies, not 
yet wholly disengaged from their primitive chaotic surroundings. 
The study of nebular distribution might alone, and long ago, have 
driven out of the field every form of " projection theory " of the 
Milky Way. For it showed the great majority of gaseous objects 
to be embraced within its circuit, and tins alone amounted to a 
demonstration that a physical reality, and not simply a geome- 
trical appearance, was in question. The almost exclusive occur- 
rence within the same zone of temporary and bright-line stare 
confirms the teaching of the nebulaD, which is still further enforced 
by the predominance there of stars showing Sirian spectra. This 
remarkable feature, disclosed by the concurrent indications of 
Dr. Grill's and Prof. Pickering's photographs, extends to the faintest 
stars of the Milky "Way so far photometrically determined ; and 
the deduction is a legitimate one that the glimmering star-dust 
aggregated into galactic clouds shines too with the Sirian quality 
of light. 

That these clouds, in some cases at any rate, own relations of 
mutual dependence with lucid stars, seems placed beyond doubt 
by the Heidelberg photographs t. The brilliant orbs shown in 
them to be intertwined, by means of sinuous wreaths of nebula, 
with minute clustering objects, must plainly belong to the same 
scheme of generative activity. All then co-exist in one great realm 
of space, at virtually equal distances from ourselves. We are, 
however, completely ignorant as to the scale of those distances. 
Dr. Elkin has indeed measured a Cygni for parallax, but with only 
negative result. This, however, does not necessarily signify that 
the star really lies beyond the range of such determinations. It 
may mean nothing more than what is now, on other grounds, ren- 
dered highly probable — ^namely, that the measures were, in their 
upshot, vitiated by the systematic connection of a Cygni with the 
neighbouring stars chosen for purposes of comparison. Th^ 
question, in other words, is still open as to whether the star hasf 
or has not a sensible absolute parallax. 

Indeed, experiments for relative parallax with stars undistin- 
guished by proper motion from the test-objects in their vicinity 

* Astron. Naoh. No, 3048. 

t Mr. Banyard has recently collected some important evidence to this effect. 
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I can scarcely be expected to lead to Batisfastory results. Disparity 
[' in brighttteas, taken by itself, is very far from proving separation 
I by wide spatial intervals ; and the association of largo with small 
j stars into immenHe physical groupings has o£ late been so fre- 
quently recognised, that tlieir disjunction in any particular case 
cannot safely be aasumed, and can only be establisfied by observed 
disparities of raoveinent. Parallactic operations of the relative 
kind upon iramobile stars may then easily prove nugatory, and 
they were presumably so as rejjarda a Cygni. 
[ Neither a nor y Cygni poaaesaes any reliably ascertained proper 

i motion, for the shift northward over an -arc of about 2" a contnry, 
I nominally attributable tu the latter, need not count as auch. 
Thia negative conformity, talten by itself, affords indeed no pre- 
p sumption of physical connection; but significance is imparted to it 

by the precise agreement of the two atara in the direction and 
amount of their radial movement. If thia be a coincidence, it ia 
; a sufficiently remarkable one, and it wili be of the greatest interest 
to determine whether any other of the nebulously involved stars 
[ in Cygnus share this drift oE six kilometres a second in our direc- 

tion. It may be, indeed, that the drift is our'a. The velocity of 
I the solar system is, at the lowest estimate, fully adequate to 

account for the advance towards it ascribed at Potadnm to these 
two bright objects, which, for anything that appears to the eon- 
' trary, may, with their stellar and nebular appurtenances, be moored 

unchangingly " In the vast ocean of unbounded space," 

A. M. Cleekb. 



Ptfriodic Cortids. 

Woip'a comet is now pretty conspicuous and en-sily visible in a 

small telescope. The follo«Tng epheraeria by Berberich indicates 



its path : - 

K.A. Deo. Light. 

Sept. 8 3 49 I +22 57 8-64 

16 4 4 34 zo 15 9"59 

24 4 17 45 17 I io'48 

Oct. 2 4 28 13 13 18 1V2^ 

10 4 35 41 9 12 11-84 

18 4 40 f* 4 53 i2'»o 

z6 4 41 33 + ° 31 If98 

Nov. 3 4 40 19 - 3 37 "■44 

11 4 36 56 - 7 '7 io'5S 

On Sept. 4 the comet will be placed on tbe N. borders of the 
Pleiades, It passes through the Hyades on Sept. 23-28, and then 
moves southwards about ^ daily. On Oct. 27 the comet crosses 
the equator, and soon after enters Eridanus. Ita greatest in- 
tensity of light wUl bo attained between about Oct, 18-21. 
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KncWs comot will be close to 9 Geminorum on Sept. 2-3, and 
JH puriuing a mpid courae eastwards. On Sept. 8 ita position ia 
3° N. of a Goiniuoram. Backlund has computed the following 
c|iliomGris:— 



Sopt. 5 7 2 24 +34 44 

9 7 35 36 33 41 

13 8 10 25 31 58 

17 8 4S 49 29 30 

ai.. g 20 59 26 17 

25 9 55 o 23 26 



I 



Prof. Barnartl observed the comet on August i, and found the 
correction {0 — C) to above ephemeris 

[Bee p. 3=0.] i<»=-i6", AS=-3'-7. 

The comet pasaea quickly through Gemini and Cancer, and 
Sept. 37 will VMS found very near y Leonis. 

Tempi'l-Swift's comet ia expected at perihelion in Xovember 
nest, and M. Bossert has published an ephemeris, from which we 
extract ft few positions for the neit few months . — 

B,A. Dec tight. 

Sept. 4 ;i 33 2 - 2 iS 2-66 

Oct. 2 21 6 24 + 2 30 630 

Nov. 3 »i +» II 13 2 14-09 

»; 33 43 49 =6 42 i9'68 

Dec. ag 3 34 45 +29 36 6-94 

The romet is getting rapidly brigltter. and is at present eitnated in 
tlw N.W. i^ran of Aqaanus. At the beginning of December it 
vill be close to « Audnuueda^. "W. V. D. 



Itxtysu. — Tliis PcmarkaUe obiect affbnfa out of the meet in- 
gtnMivv esmnplc^ of a noi voKomutm phaMNkMtonoa the mocm's 
tiotitti^nt betui-'phehs ibo intranoa of one ru^-noutitain on 
WMitktT. NeiMio <l««cnbe« it as **a pm^«b^ed waBed-pUin 55 
MuW in diaitt^iT,'* but this dtwripttoB do«B not tndr t^pfieaeat 
it* M4»a) slnMui«. It cv>a^$xs. iu Eaci^ ef a -var br^ and kifty 
riu]! vrK)(>h wviuMK»Teb«vnnrcwlar,ar»eaTtTso,iMiiM>t asecoad 
|!ti^ ot toMcwM MuriW «li«wi»i(w» f mb nt q|» a ■ % JBtrBdat on the 
iMWlfcrMia aAc of it.Mrf U»a>iwrf ii w l tfc» if f iM it c cf yhat voutd 
«th»r«ii* lt» a fonMrtiMi «( tW Mnaal tTp». 

M«ttH->dn««tC«f lUhwrt wtwrifai^ i ftkl of a hMaa 



i 
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foot on soft groQnd — the intrusive ring on tlie nortii being in 
pajrt represented by the heel, and the larger ring by the sole ; but 
there is notiiing to indicate the effects ol: the interference oi! two 
idiatinct formationB,^ — on the contrary, by til's ridges on the iloor, 
^which are shown as uninterruptedly traversing the object from 
south to north, and by the nearly complete continuity of the walla, 
his map would lead one to conclude that it is nothing more than 
■ a single ring-plain of a somewhat irregular shape, tjchmidt pre- 
sents a true picture of what anyone with suitable optical meanB 
may observe in connection with Hainzel when the E. long, of the 
morning terminator is between 42° and 55°, via., a prominent and 
nearly perfect circular ring w hose centre lies near the place where 
the northern border of a somewhat larger ring 00 the south of it 
would be were it complete. The massive walls of these formationa 
Me represented as independent of each other, or, more accurately, 
tt9 showing no traces of continuity — the larger ring embracing 
and including a portion of the smaller. 

Between inland 11" on April 19, this year, the interior was 
only a little more than half illuminated, — the shadow of the lol'ty 
eastern danks of the associated formations obscuring much of the 
Curious detail visible at a later stage on the western side of the 
floor of the larger or more southerly ring, but the details on the 
lOpposite border and on the eastern section of both interiors were 
tlisplayed with admirable distinctness with a power of 350. First, 
As regards the inner slope of the broad eastern rampart of the 
larger ring ; — a terrace on this declivity just below the crown of 
"the wall forms ^nth tile summit ridge one of those longitudinal 
«;baBms, crossed at intervals by dykes or rock-partitions, which are 
BO frequently noted in connection with large foruiations and which 
eeem often to be due to rows of inosculating depressions. This 
"valley is tertninated at each end by a prominent crater. Two or 
r^hree narrow spurs or buttresses run down the slope at right 
.angles to this terrace (against which they abut), in every respect 
iBimilor to those observed outside this and many other great rings. 
.They were not so obvious as at an earlier phase, but dark streidts, 
representing the intervals between them, were prominent on the 
bright surface of the declivity. There is also a well-marked terrace 
on ths inner east wall of the smaller ring which, togerher with a 
bright crater at its foot (probably JN'eison s n), was well seen. At 
this flioge the existence of a southern section to the intruded 
formation is plainly indicated by the continuation of the bright 
eastern wall partially across the iuterior of the combined wnlled- 
plains and, where this wall apparently dies out, by small isokted 
mounds on the Hoor. 

On the following night, April ^o, when the terminator had 

advanced to about east long. 54", and the shadow of the eastprn 

walls no longer obscured objects within the enclosure, the in- 

^uiduality of the nort!iern portion of Haineel was very manifest. 

nK&Duored us an almost complete light ring overlapping the larger 
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and more irregular formation with which it is associated, — in fact 
much as it is shown by Schmidt in his excellent representation of 
it. Under a solar altitude of io° or thereabouts a very conspicuous 
wide ridge is observed to run for some distance in a south to 
a north direction along the centre of the larger inclosure and, 
bending towards the south-west, to terminate at the more easterly 
of two large craters near the summit of the south-west wall. It 
bifurcates, however, at the bend — the branch running up to the 
more northerly of two still larger craters which occupy a gap in 
the southern border. At this stage of sunrise the curved portion 
of the ridge stands out brightly amid the black shadow of the wall. 
At its northern end, just outside the intrusive ring, it turns 
suddenly to the west, and it is noteworthy that the curvature of 
this bend is concentric with that of the low southern wall of 
the ring. An interval of 24 hours reveals the true character of 
these features. The longitudinal ridge with its bend to the north- 
west wall, and the bend just referred to, form a lofty partition, 
dividing the southern part of Hainzel into two distinct sections. 
The more easterly of these divisions is the larger, and, as sunrise 
advances, the dark tone of its interior contrasts strongly vAiAi 
the lighter hue of the floors of the western division and of the 
northern intrusive ring. It is impossible to speak with certainty 
as to the relative heights of the interiors of the two inclosures 
included by the southern section of Hainzel and of the floor of 
the intrusive ring, but from all appearance there is little or no 
difference between them. The. western rampart of the formation 
is of a very uniform altitude, being, according to Neison, generally 
about 11,500 above the interior, while it is only some 1000 feet 
less above the surrounding country. There are indications of 
what seems to be an old crater-ring of considerable size with 
dark interior adjoining the west side of the northern section of 
Hainzel. Though not shown on the maps, it is traceable for some 
time after sunrise, and was even visible at 9^ on April 20, when 
the morning terminator had advanced to E. long. 54^. Schmidt 
shows a rill extending from near Hainzel B (one of a row of large 
craters north and north-west of Hainzel) to the north-west border, 
and then, maintaining the same direction, across the floor of the 
northern ring up to the inner foot of its eastern wall. The ex- 
terior portion of this cleft was well seen on April 19, but could 
not be traced on the floor, which appeared to be free from detail, 
though Madler represents it covered with ridges. Two or three 
long narrow light streaks were noted close to this cleft and 
running parallel to it. They are probably shallow longitudinal 
valleys and not true rills. 

Beaumont House, Shakespeare Boad, Thos. Gwtx ElGEB. 

Bedford, 1891, Aug. 19. 
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CORRESPONDENCE. 

To the Editors of * The Observatory J 

Bliss, Astronomer Royal. 

Gbntlembn, — 

In Vol. ix. of the * Observatory ' I communicated a few 
particulars respecting Prof. Bliss, who succeeded Bradley as Astro- 
nomer Royal in 1762, and had acted from time to time as his 
deputy before that. 

I have since been somewhat surprised to read, in the account of 
Bliss in the * Dictionary of National Biography,* the following 
remark in speaking of his observations : — 

** Although iocluding only what was indispensable in order to 
deduce the places of the Sun, Moon, and planets at the most im- 
portant points of their orbits, they are of value as being made on 
Bradley's system and with Bradley's instruments ; yet they have 
never been reduced." 

In the stupendous work effected by Sir George Airy in the 
earlier part of his tenure of office as Astronomer Royal, that of 
reducing the lunar and planetary observations of his predecessors 
from the year 1750 to 1830, those were included which had been 
made by Bliss as well as by the assistant Green, who continued 
them during the months which intervened between the death of 
Bliss in 1764 and the appointment of Maskelyne in 1765. 

I may here take the opportunity of remarking that although 
the Lee parish-registers, quoted both in Lysons's • Environs of 
London ' and Hasted's * Efistory of Kent,' show that Bliss was 
buried there on September 4, 1764, two days after his death at 
the Royal Observatory on September 2, it does not appear that 
any stone was placed as a memorial ; at any rate, if one ever was, 
the inscription on it (as I can state after several searches) has 
become illegible. In Sir George Airy's Report for 1855, he 
speaks of the restoration of the tomb in which Halley and Pond 
were buried ; and says that the stone in memory of Halley (now 
at the Eoyal Observatory) was ** so much injured that mere repair 
appeared hopeless." A rubbing of the inscription was therefore 
taken, and the same cut upon a new stone, the new inscription 
being a rigorous copy of the old one. The former is now con- 
siderably worn (o>«ing to the inflaence of the weather in its hori- 
zontal position), and the final m looks at first sight like a. 

Tours faithfully, 

Blackheath, 1891, Aug. 5. W. T.'Lynn. 

Ancient Eclipses. 
Gentlemen, — 

Mr. Pinches communicated eome time ago to the ' Babylouian 
And Oriental Record ' transcriptions and translations of cuneiform 
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iDBcriptloDB on a Babylonian tnblet in tbe Geventfa year of Cambyses, 
king of Persia, whifh record two eclipses of the Moon on. the 14th 
oE the niontliH TaramuB and Tebet respectively 111 that year. Mr. 
Fiuclies did not identify (he eclipses, but I do not think we need 
hesitate to regard them ae those which are tabulated in the 'L'Art 
de verifier lea Dates,' as having occurred on the 5th of July and the 
30th of December respectively in the year B.C. 522, thus confirming 
the diite of the accession of Cambyses. The Babylonian months 
.being lunar, the echpses would occur on the same day of eacl 
month. 

Mr. Stockwell baa communicated another article to the ' ABtro- 
nomical Journal' (No. 244), in which he couteats some of my 
reninrka in the June number of the 'Observatory.' I have written 
to the ' Astronomical Journal,' and need only ask of you space for 
a very few lines on the subject. Mr, Stockwell has rightly 
noticed a lapsiis plutiug on my part in line 25 of p. 235 of the 
* Observatory,' wliere " before ' should be " after " ; but this 
does not aSect the conclusion. I must acknowledge another 
inadvertence in p. 234, line 9, where " preceded " should be 
" followed." That the Olympic festivals followed by one year, 
the years which corresponded to bissextile years in the Juliai^ 
'jcaleiidar is (as I remarked before) not a matter of opinion, but hasi 
been sufficiently proved in ' L'Art de verifier lea X>ates,' vol. i,. 
pp. x-xiii & xxiix. 

Mr. Stockweli qnotes I.iddell as his authority for saying tha|: 
jn the year B.C. Si (undoubtedly corresponding to a bissextile) an 
■Olympic festival was suspended by Sidla on account of the spec- 
tacles he was exhibiting after his triumph for his successes in the 
.Mithradatic War. Appian is the source of this statement, but 
it is not clear from his language how long after the triumph (held 
at the beginning of rebniary) the festivtJ was to have taken place 
which was in great part suspended. Sulla was dictator all through 
B.C. 80 (some think the triumph was in that year), and many of 
the spectacles may have been exhibited in that year. 

Mr. Stockwell cites Josephus in saying that Augustus Ciesar 
was 77 years of age at the time of his death, and by taking 
A,D. 13 for the date of this, he carries back his birth to B.C. 65, 
corresponding to a bissextile. The same year Jerusalem was 
taken by Fompey, and Josephus says that this waij in the 179th 
Olympiad. But he does not say (as Mr. Stockwell quotes him) 
thttt it was in the first year of that Olympiad. Few dates in 
ancieut Koman history are better established than that of the birlh 
of Augustus and the capture of Jerusalem by Fompey. It was 
the snme rear in which Cicero thundered forth against Catiline, 
and there is scarcely any doubt that it wss b.c. 63. Now Sueto- 
nius (surely a prt^ferable authority to Josephus on such a point) 
says that Augustus was in his frtv>tfy-n.wA year at the time oE 
his death. From b.c. 63 (*= — 6j) (o a.u 14 would be 76 years, 
and aa Augustus in &.D. 14 would almost have completed bis 
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76th year, I contend that this fully confirms that year as the date 
of his death. 

Mr. Stockwell is somewhat merry over his implication, that I 
thought JuHus CsBsar needed the light of the Moon to add to the 
light of the Sun at midday. But I meant that the historian men- 
tioned the visibility of the Moon at midday only as a remarkable 
circumstance. I gave not a translation like Mr. Stockwell, but 
the original passage, and still think that " hora VI," without any 
qualifications, means the sixth hour of the day. It will be noticed 
that the word "waited" in the translation does not occur in the 
original. Tours faithfully, 

Blackheath, 1891, Aug. 15. W. T. LxiOf. 

The Chinese Eclipse of b.c. 776. 

Qentlbmsn, — 

Some time ago I alluded to an eclipse of the Sun which 

Occurred on September 6, b.o. 776, and is mentioned in a Chinese 

Avork edited by Confucius (Kung Kew) or one of his disciples 

^bout two centuries afterwards. As this is probably the most 

Ancient record existing of an eclipse which can be identified, it 

Seemed to me that a reference to the original might interest some 

of your readers. But I had much trouble to find it because there 

^8 a mistake in ' L'Art de verifier les Dates,' where it is stated to 

fce in Tchun-tsieou, whereas it is really in a collection of poems 

called the * She-king.' Eather Gaubil, however, gives the correct 

x«ference in the second volume of the * Observations,' edited by 

SSouciet at Paris in 1729-32, and also points out that the eclipse 

occurred in the sixth year of the reign of the emperor Yeou-wang,'' 

^corresponding to the first year of the first Olympiad and to the 

3^ear b.o. 776 of our chronology. The record is in the ninth ode 

of the fourth book of the * She-king,' the former part of which, as 

translated by Dr. Legge in the fourth volume of his ' Chinese 

Classics,' runs thus : — 

I. 

*' At the coi^junction [of the Sun and Moon] in the tenth month 
On the first day of the Moon, which was sin-maoUy 
The Sun was eclipsed, 
A thing of very evil omen, 
Then the Moon became small, 
And now the Sun became small, 
Henceforth the lower people 
Will be in a very deplorable case. 

2. 

^ The Sun and Moon announce evil 
Not keeping to their proper paths, 

AH through the kingdom there is no [proper] goiernment, 
Because the good are not employed. 
For the Moon to be eclipsed 
Is but an ordinary matter ; 
Now that the Sun has been eclipsed, 
How bad it is!" 

TOIn XIT. I 
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I should mention that Dr. Legge in his note on the place erro* 
neouslj gives the date as Aug. 29, b.o. 775 ; the eclipse really took 
place in b.o. 776 (= a.d. —775) on Sept. 6. 

Yours faithfully, 

Blaokhettth, 1891, Jane 27. W. T. Ltnk. 

[The above letter was intended to appear in our August number 
initead of the last two paragraphs (occupying 16 lines, on p. 286) 
of Mr. Lynn's letter on "Assyrian Eclipses," dated June 12 ; the 
proofs, however, were unfortunately mislaid, and we must there- 
fore ask our readers to erase those paragraphs in their copies, and 
also to read b.o. 669 for b.o. 699 in line 2 of the same page. — 
Eds.] 

Transit of Mercury. 

Gentlemen, — 

From this month's 'Observatory' I find that during the 
recent Transit of Mercury neither the late Mr. Pogson nor Prof. 
Michie Smith at Madras observed the usual " halo " round the 
planet's disc. I think, therefore, that the following extract from 
a paper that I have submitted to the R. A. S., embodying my 
observations of the transit, may prove interesting : — 

" The aureola was best seen when the darkest part of the 
Pritchard wedge was interposed, and was gradually lost sight of 
as the wedge was shifted and its lighter portions brought opposite 
the eye, even when the depth of colour of the wedge was suiticient 
to enable the general surface of the Sun to be observed not only 
with complete safety but also with comfort." 

From the repeated observations made by me of the halo during 

the transit, I feel confident that the Madras observers would not 

have failed to notice it if they had either changed the "dark 

glasses " or employed a wedge. Tours faithfully. 

The Observatory, College of Science, K. D. Nabgamvala. 

Poona, 1 89 1, July 29. 

Observing Occultations, — Misuse of Scientific Symbols, 

Gentlemen, — 

The method which I described to Mr. Innes as useful for 
observing occultations, and which it appears has been employed 
for many years by Capt. Noble, is of course a good one when the 
star both at the disappearance and reappearance is at a con- 
siderable altitude. At low aUitudes the method fails in conse- 
quence of the unequal refraction for the two places of the occulta- 
tion. Under the same condition Mr. Tatlock's improved method 
will of course likewise fail. 

Whilst I am a lover of perspicuity in scientific descriptions, I 
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for minutes and seconds of time. 1 have on two or three occa- 
sions made the same protest here, notably in the case of a civil 
engineer who published certain data of mine expressed in feet and 
inches as if they were minutes and seconds of arc. Lament's 
well-known catalogues of stars are disfigured by the misuse of ' " 
for minutes and seconds of time. 

While on this subject I may state that I have also on several 
occasions protested against the method almost invariably adopted 
by the correspondents of our leading daily journal for expressing 
the amount of rainfall. It is almost always given in " points." It 
appears that some years ago the present Grovernment Astronomer 
found that his observing staff generally throughout the Colony 
had so little idea of the nature of decimals that their reports of 
the rainfall came to him in a very ambiguous state. Accordingly, 
in his printed forms he requested the observers to state the quan- 
tity of rain not in decimals but in " points " or ** divisions " of their 
gauges. This was, of course, intended only as a private arrange- 
ment between the head of the meteorological department and the 
observers in order to avoid ambiguity in the returns. In his own 
official publications he has always translated the " points " into 
hundredths of an inch. The term " points " has now, however, 
come into public use, and those who favour it are apparently de- 
trermined that it shall maintain its ground. I have been frequently 
interrogated as to the meaning of the term, but have always replied 
that it is not recognized in scientific circles, but is merely employed 
ly persons unacquainted with the simple nature of decimals to 
express hundredths of an inch. Tours faithfully, 

Windsor, N. S. Wales, 1891, July 12. JOHN TebbtjtT. 

[The use of ' and " for minutes and seconds of time is of course 
unpardonable, though we do not quite see the enormity of using 
them for feet and inches, where no confusion is likely to arise. It 
disturbs us, however, to see such signs placed after a long decimal, 
as 0*3843" instead of o"*3843. — Eds.] 

Total Solar Eclipse, April 16, 1893. 

' Messieurs, — 

L'eclipse totale du soleil, qui doit avoir lieu le 16 avril, 
1893, se produisant dans une region sur laquelle nous possedons 
pen de donnees au point de vue de la nebulosite du ciel, j ai prie le 
directeur du chemin de fer du Ceara de faire faire pendant le mois 
d'avril de cette annee des observations meteorologiques k g^ du 
matin, midi et 3** soir. Comme vous pourrez le verifier par un 
coup d'ceil jete sur notre revue du mois de mai dernier *, nous y 
avons public le detail de ces observations, et k la page 67 j'ai 
resume les donnees concernant la pluie et la nebulosite. II resulte 
de ces observations qu'il y a eu 20 jours de pluie, ayaut fourni 

* ' Revista do Observatorio,' anno vi. maio de 1891, no. 5. 
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utic liautftur de 262 "'/°', et que la moyenne de la tiebuloBitd 
de 6,5, Cea observations ont etd Eaitea ^ Portaleza, capitate da 
Cofini, d^8ign»!e sur beaueoup de cartes sous le nom de Ceara : ce 
point est uompris dans la zone de la t«ta,lite et h environ 15 k 
30 kilom. 8.B. de la ligno oentrale (intersection avec le littoral). 

Ces observations seront reprises nu moisd'avril rSgs.demaii"' 
Ji ruunir dea douneefl qui pennettent de se former une o^\ 
iisseii sOre nu sujet des probabilites dii temps pour Taimee 1893, 

AgrwsB, je voun prie, MeasiDure, I'lissurance de mea sentimt 
tos pi UN distingu^. 

Ohwrtnlcrio do Rio do Janeiro, I'. CJUJLB, IHreeteur, 

15 juillct, iggi. 



1 



Jujiiter. 
Gknti,euen, — 

On Aug, 21, 1891, some interesting details were presented 
on the disk of this planet. 

A large white spot was situated on the great S, equatorial belt, 
and it crossed the ceuti-ol meridian at 12" 10°. Euuring to the 
N.N.Ii. from this marking and crossing the equator, where it 
joiued the great N. equatorial belt, there was a stream of dark 
material cloaeJy following another mnrljng of similar character. 

On Ihe double belt N. of the great N. equatorial belt (also 
doubltO I saw a very conspicuous black spot, quite aa obviona as 
the shadow of a aatellite, but- perhaps a little smaller. This object 
became central at 11' 41"". In (S80 there was a remarkable out- 
hivnk of black spots on this belt, and they moved with a velocity 
grtwler than that of anv other Jovian features, for the period of 
nitntion, as I determined it, was 9' 48"°. It will be important to 
watch Ilie spot now visible, as it poKsiblv augurs a renewal of the 
pht'Domeua of 1S80. 

The red spot was central at 13* i". It was very distinct, and 



Kppcars to be rwovering its brick-red colonr. Any small telescope 
»ill m ' -' . ■ - 



^^^B will now show the spot, but it is not ?uch a striking feati 

P WM tn iSjcj-Si, Them is at present a very brilliant spot close to 

I its 9. margin and oppi>site its centre, and this looks very consjji- 
euoua from contrast «ith the red spot and dusky belts outlying it. 

I 1 uaed * lo-inch reflector, powvr 25;. 

I Yonrs failhf uDt. 

f BviWo). itgi. Aug »;, W. F- J>ei5IXG. 

I Jt^er's S*teHite~»kmdoiti. 

! QiSTuaiRN,— 

i On ^'Hl)ay. Aiurust 14, 1S91. I uWrted ibe »pi 

|i nuK> phtMttiiuMM of the otvrlakiiu; and ov^bipptng of ttie elmiow 

j t>f (<«l. II. by l)i«> skadovr «f Sal. I. on the Atsc ct Jupitrr. It 

I «lt^ ^\)di>iit, on insim-lHiu of th» ' Naui>c«l .\lnMMir.' that this 

L niiittl Qctuttfor ^. II. n» Iomiim- ;i'» dev MvNnrSh. I. and to 



utlying it. 



I 



By the . 

s.* Nautical 
' Almanac/ 
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Xeave it after. From tlve data given in the almanac I anticipated 
s. conjunction of the shadows at about ii*" 30"" 44*, Q-.M.T. The 
telescope I employed was a 6-inch refractor by Simms, focus 7 feet, 
power 180. The observations made were as follows : — 

h m 8 h m 

II. Sh. Ingr., bisection of limb, G.M.T. 10 56 44 10 51^ 

I.8h.Ingr., „ „ 11 3 3^ ^^ 59 

I. Sh. on central meridian of "U, „ 12 7 36 
II. Sh. „ „ „ 12 15 41 

I. Sh. Egr., bisection of limb, „ 131433 1318 

ILSh.lgr., „ „ 134130 1345: 

The conjunction of shadows might be inferred from the observed 
ingresses and egresses at ii*^ 42°* ^^"^ G-.M.T., but I have the fol- 
lowing observing notes as made at the time : — 

At 11^ 26™ 51' the overlapping shadows of I. and II. have now 

coalesced, and are very black upon the southern equatorial dark 

belt and partly north of it. At 11** 39™ 35" the joint shadow 

seems quite round and very black ; it has overtaken the red spot by 

one third of that spot; the view very good. At 11^ 44" 36" tbe 

broadening of the south equatorial belt following the red spot is 

Very manifest ; the preceding end of the red spot is on the central 

meridian ; the joint shadow of I, and II. stiU quite round. At 

X I '^ 52™ 6* the longer axis of the overlapping shadows is inclined 

-ij.5° to % 's equator ; the centre of the joint shadow has nearly 

c^vertaken the middle of the red spot. At 12** 19™ 51" the red spot 

xs fully centred on % , perhaps a little past (by Martb's ephemeris 

X2'' 14"" 42*)- 

If we take the mean of 11** 39" 35' and 11** 44" ^6^, we have a 
xesulting time ii** 42" 5'-5 G.M.T. as that at which the two 
shadows were seen in overlapping conjunction. The shadow of 
!II. was always just wholly within the south equatorial dark belt, 
and the centre of the shadow of I. seemed always on the north 
edge of this belt. 

The same evening I had observed an overlapping conjunction of 
Sats. I and II. east of 7/, at 9*" 50"" 51' G.M.T. Por 90 seconds 
before and after this time the satellites formed one mass, nearly 
round, as large as Sat. III., and rather brighter. Both were 
going towards the disc of % . They overlapped to the extent of a 
radius of either satellite. Tours faithfully, 

Murston Rectory, Sittingbourne, A. FREEMAN". 

1 89 1, Aug. 20. 

Merle^s Comet. 
Gentlemen, — 

Some years ago, on looking over an old volume of the 
'Philosophical Transactions' for 1685, 1 noticed the following 
remai*ks of one Dr. Plot on p. 931: — "W. Merle, Fellow of 
Merton College, observed the weather at Oxford every day of th« 
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month seven years together, viz. from January 1337 to Ja^uary 
1344, the MS. copy of which observations are yet remaining in 
the Bodleyan Library." It seems this work, through the exertions 
of G. J. Symons, F.E.S., the meteorologist, has just been photo- 
graphed and reproduced with translation. Although it is more 
interesting to the meteorologist than to the astronomer, there ia 
an entry under the date of September 1343 worth bringing forward. 
" In the second week a comet (ardens draco) was see a about sun- 
set, or before, in Lyndesay, which betokened future dryness then." 
Lyndesay is a portion of Lincolnshire. In a 'Prospect of the 
most famous parts of the World,' 1646, it is stated that the division 
of Lincolnshire is into three principal parts, viz., Lindsey, Kes- 
teven, and Holland, and that Lindsey is subdivided into seventeen 
hundreds. 

Now, in Chambers's Catalogue no comet is mentioned from a.d. 
1340 to 1345 ; in Williams's ' Chinese Comets' none from 1340 to 
T351. Consequently we have here, as it seems, the sight of a 
hitherto unrecorded comet mentioned by an eye-witness. It is 
greatly to be hoped that the other portion oE Merle's works on 
the eclipses of 1345, 1349, ^Z^Z^ ^nd on several conjunctions of 
Jupiter and Saturn and of Mars and Saturn in that century may 
be reproduced in like manner. Faithfully yours, 

Melplash Vicarage, Bridport, S. J. JOHNSON, 

1891, Aug. 27. 

Berne Time and the ^ Nautical Almanac J 

Gentlemen, — 

There is something so Arcadian in the simplicity of Mr. 
Backhouse as to be positively touching. Can he have considered, 
for an instant, that the insertion of the geographical co-ordiuates 
of 1 he Berne Observatory in the ' Nautical Almanac ' would in- 
volve a slight amount of trouble ? or reflected how very much easier 
it is to go on, year after year, grinding out the same details from 
the same tables (as the " Bogie Man " is ground out on a street 
organ) than to introduce any fresh matter whatever for the use and 
convenience of Astronomers? Really, to read his letter, one 
would think that Dr. Hind existed for the Office of Superintendent 
of the ' Nautical Almanac,' instead of that Office existing for him ! 

Forest Lodge, Maresfield. Uckfield, Faithfully yours, 

1 89 1, August 3. William Noble. 



OBSERVATORIES. 

Ealing. — The second five-foot mirror has been finished and 
mounted in the telescope. The bad weather has prevented any 
work beyond a few photographs of a very low Moon and two of 
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Jupiter with an enlarged image ; these are most satisfactory. As 
far as a bad sky has allowed the mirror to be tested on stars, it is 
a most excellent one, quite free from the slight fault the first one 
had. The enlarged image of Jupiter, half an inch in diamef-er, 
was found to be over-exposed in to seconds, but still much detail 
is visible on the disc. Two satellites which happened to be near 
at the time the photographs were taken (August 5th) are visible 
on the plates, though at the time the sky was not at all good. 



PUBLICATIONS. 

PiCTOEiAL Astronomy *. — We have here another book written 
for the general reader. Considering the diflSculty in providing 
matter strong enough but not too strong for the mental digestion 
of a beginner, Mr. Chambers has done his work very well. The 
illustrations are numerous and fairly good ; there is not in all 
cases that connection between them and the text that could be 
wished for. There are many mistakes, as is natural in a first 
edition ; a great many points might be made much clearer. The 
word " perihelion " is used on page 13 correctly, but another word 
" perigee '* is given, and " apogee " is given as the correlative of 
" aphelion.*' The statement on page 149 giving a possible diameter 
of one mile to a fireball is astounding ; Young gives ten feet as a 
limit. 

The most serious objection we would take is that the book is 
not brought up to date ; surely something in the history of Astro- 
nomy might be said of the great advances that have been made in 
photographic and spectroscopic astronomy. Still the book is very 
well done and will, we hardly doubt, prompt many who read it to 
take a permanent and serious interest in Astronomy. 



The Telescope t. — A bad book — superficial, inaccurate, and 
ill-adapted to the purpose declared in the preface, which we gather 
to be to guide the " young collector " who may wish to make such 
a study of celestial objects as a lepidopterist does of insects or a 
philatelist of stamps. We may perhaps give a few examples of 
the inaccuracy as a warning. Here are two from the same page (43). 
Foucault's pendulum experiment is described. Without mentioning 
anything about latitude, it is stated that *' the pendulum slowly 

* * Pictorial Astronomy for General Readers,' by Q-. F. Chambers, F.R A.S., 
&o. Whittaker and Co., Paternoster Square. 

t *Tho Telescope: an Introduction to the Study of the Heavens.' By 
Joseph W. Williams. The Youn^ Collector Series, London : Swan Sohnen- 
ioImibIbOo. 1891. 
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alters its position, and in twenty-four hours will have described a 
circle in the same direction as the hands of a watch move. This 
is due to the twisting of the string, for it is easier for that to 
twist than the heavy bob to alter its course of swing." A more 
hopelessly confused explanation than that offered in the last sen- 
tence it would be difficult to frame. A few lines lower we read — 
** The stars are placed at infinite and, in the majority of cases, 
immeasurable distances from us." Overleaf : " Place some oil in a 
transparent fluid and observe that it floats as a perfect sphere '' — 
nothing said about equal density of oil and fluid ; what delightful 
directions for a " young collector " to make a rather delicate experi- 
ment ! and what a pity it is to writ« bad books ! 



The Solab Eclipse of 1889, Jan. i. — The Washington XJai- 
versity Eclipse Party have published their observations made at 
Norman, California, on 1889, Jan. i. The party of 5 (Profs. 
3Pritchet% Nipher, Engler, Charroppin, and Senor Valle) obtained 
six good negatives, of which 4 are well reproduced in the volume ; 
and there is also given a beautiful picture of the corona which is 
the ** result of a most careful study of all the negatives ; " as well 
as two drawings, one by Prof. Engler agreeing well with the 
photographs, and one by Senor Valle, who used a disk to shut out 
the inner corona, and thus saw streamers extending to 8 or 9 
diameters from the limb. Contact-observations were made and the 
position of Norman was subsequently determined by Mr. Keeler, 
of the Lick Observatory. No essentially new facts were brought 
to light; but Prof. Nipher takes the opportunity to severely 
criticise Prof. Bigelow's electrical theory of the solar corona. The 
expenses of the expedition were defrayed by subscriptions from 
35 gentlemen. 

MiKEOMETRISCHE VeEMESSUNG DES StEBNHAUFENS 2 762. 

Herr Eeinhold Hahn, of the Leipzig Observatory, gives under the 
above title the results of his differential measures of the group of 
stars surrounding S 762. The position of the principal star of the 
group is E.A. 6*^ 34™ 51', Dec. -1-9° 34'. The magnitudes range 
from 8 to 12. The plan adopted was to determine the differences 
of E.A. and Dec. from some one of 10 selected stars whose positions 
were known from the Leipzig zone catalogue for 1885*0. A mean 
position for the chief star was deduced from these, and a catalogue 
of the whole 61 stars formed. Grreat care has evidently been 
taken, and particular attention has been given to the thread in- 
tervals and value of the screw revolutiou. A chart of the group 
is appended. T. L. 
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NOTES. 

Periodicity of Solar Prominences. — Sporer showed in 1882 
that the latitude of solar prominences varied in sympathy with 
the sun-spots. M. A. Eicco has reduced the observations made 
at Palermo 1880- 1890 and finds ample confirmation of this result. 
Complete observations were made of the chromosphere on 2207 
days during this period, and 7663 prominences of more than 30" 
were noted. 

Just as in the case of spots near minimum, there are two 
families on the Sun at the same time — one the remains of the 
dying period, near the equator ; and the other in high latitudes, 
the early members of the new — so in the case of prominences 
M. Eicco finds two generations overlapping, only here it is the 
prominences in high latitudes which represent old age, youth being 
near the equator; and it is at the maximum of activity that we 
find this coexistence. M. Eicco's diagram, reproduced below, 
gives a very graphic representation of the facts. His results are 
given in * Comptes Eendus,' cxiii. p. 255. 
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The project for an observatory on Mt. Blanc is not to fail for 
want of energy or funds. M. Janssen reports that M. BischofE- 
sheim, Prince Eoland Bonaparte, Baron Eothschild, and M. Eiffel 
have promised their support. The first step is to determine the 
thickness of the ice-cap, for the Observatory must be built on the 
soUd rock. A horizontal gallery is to be cut in the ice to settle 
this interesting point. 



Photogeapht op Solab Pbominbncbs. — Among the visitors to 
^he British Association was Prof. Q-. E. Hale, Director of the 

VOL. HT. 2 A 
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new Kenwood Physical Observatory, who is planning systematic 
photographic work on the Solar prominences, and has already 
obtained most encouraging results, some account of which will be 
found in the Am. Journ. of Sci. for 1891, August; Ast. Nach. 
3006, 3037, 3053 ; and elsewhere. The first result of importance 
was the brilliant reversal of the lines H and K, " fine bright lines 
being at the centre of broad dark bands in the atmospheric 
spectrum." Subsequently Mr. Hale has obtained in all eight lines 
on the photographs ; and measures made since he came to England 
give for these the following wave-lengths, the suggested origin 
being indicated by the adjacent column* : — 



I'ominenceff 


Calcium 


HydrogeEf 


(Hale). 


(Rowland)* 


(Ames). 


3968-56 


3968-61 


.... 


Z9iZ'^^ 


3933*80 


.... 


388873 


• • • • 


.... 


3970-11 


• • • • 


3970*25 


3889-14 


• • • • 


3889-15 


3835*54 


• • • • 


3835-6 


3798-1 


r • • •' 


3798-0 


3770-8 


• ■ • • 


3770'7 



*• Decision must be reserved for the present as to the line 
3970-11. The wave-length has been determined from four plates, 
and its probable error is 003; but as the line is not far from 
where a ghost of H should fall, I cannot be certain that it belongs 
to the prominence spectrum." 

"The line at 3888-73 has not been accoimted for. It forms a 
close double with the hydrogen line at 3889-14, and with it attains 
as great elevations above the limb as those reached by H and K. 
The character of the lines, however, is quite different, for while 
the hydrogen line is wider and slightly diifuse, the line at 3888-73 
is very narrow and sharp. I have seen no statement that the 
hydrogen line has shown any signs of duplicity, and, as Mrs. 
Huggins has had the kindness to examine the corresponding line in 
some very sharp photographs of stellar spectra with the same 
result, we have reason to consider an independent origin pro- 
bable." 

Mr. Hale*s instruments are a 1 2-2-inch equatorial refractor ; a 
spectroscope with 4-inch Rowland grating (14,438 lines to inch), 
and collimator and telescope of 35 inches aperature and 42^ inches 
focal length, inclined to each other at a constant angle of 25°. 



The Vaeiatioj^s of the Magnetic Needle. — An important 
paper by Prof. F. H. Bigelow, already known in connexion with 
an electrical theory of the corona, appears in the * Am. Journ. of 
Bcience ' for September 1891, He has developed a suggestion made 
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by himself in Mny of last year with most satisfactory results, and 
Rnda that the variations of tlm magnetic needle may be explained 
by the motions of the Earth through a uniform field of magnetic 
force if ive (oAe tie radiant tunlight «» (A« uniform field of farce, 
directed pagitivt towards the San. This conclusion was deduced 
from an analysis of the material collected for June 1883 by the 
International Polar Commission, The monthly means for each bour 
local time, at thirteen stations, of the horizontal and vertical forces 
and the declination were reduced to rwtangular coordinates ; and 
the diferences between the mean and hourly ^alnes combined to 
show the total fhflect'mtj force at the station. These deflections are 
considered due to a component coming to the needle from space. 
" Neit a large model was constructed on which these component 
forces were represented in direction and magnitude. By assigning 
certain meridians for the Loni-s, and supposing the permanent pole 
to take up its position from one meridian to another, there wtix 
finally collected upon these meridians representing a series of local 
hour-angles, now referred to the Sun as if the Earth had ceased tu 
rotate on its axis, an exhibition of what exists over the globe at 
thft same instant of time.'' The moc'el was compared with th>^ 
tJieoretical distribution of lines of force over a sphere in a uniform 
field of magnetic force, as determined by Thomson, Maiwell, aud 
others, with tile gratifying result quoted above. And there 
remains one more important point. "The permanent magnetii- 
condition of Ihe Earth may he principally due to the orbital motion 
of the EaHh through the radiant field of sunlight." We shall 
look with great interest for the detailed computations which Prof. 
Bigelowisnow undertaking with a view to confirm these imp urt ant 
conclusions. 



Thb AaxEOPttoTooEAPiuc Cn.vKT. — "We are glad in see that 
]ff. Loewy feels the same anxiety which we have at times 
endeavoured to display lest the scheme for this work should be 
too ambitions. He has recently requested serious reconsideration 
of the proposal to system stically observe with meridian instru- 
ments all the " guiding stars" and other " dtoiles de rep^re" required 
ior fixing the coordiuataa oE the centres of the separate plates. 
He points out that this will be a very laborious operation, and by 
comparison with the revision of Argelander's Kones under the 
auspices of the Astroiiomische Gtiselhtchaft, now nearly completed, 
he gives an estimate of the time which will be required for such a 
work. His very practical suggestions for rendering this labour 
unnecessary amount essentially to two (vide C, B, csii,) : — Pirst, 
that several plates should be taken together for roeasureuient, a 
oouneiion being established between them by micrometric measures 
of the faint stars photographed on both, in which case we greatly 
extend the area to be coordinated and make practically certain 
ot including a score of bright stars ; and, secondly, to use places of 
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fainter stars already determined, making up for the inaccuracy due 
to proper motion in the interval between the epoch of observation 
and 1900 by the large number of such stars available in this 
way. We should be very glad to see these suggestions carried into 
effect so as to at least considerably reduce the scheme for meridian 
observation. 



Mb. T. W. Backhoitsb has published, as No. i of the " Publi- 
cations of West Hendon House Observatory,'' the observations on 
which were founded his two papers on " The Structure of the 
Sidereal Universe" (Mon. Not. vol. 1. p. 374, and Sid. Mess. vol. ix. 
p. 337). It is to painstaking observers hke Mr. Backhouse 
that we must look for the accumulation of facts necessary to the 
unravelling of the complicated problem to which Dr. Huggins so 
hopefully alluded as the work of the next century. The promise 
of future material implied in the superscription is gratifying. 

We learn with great pleasure that several members of the 
" Astronomical Society of the Pacific " have generously subscribed 
to the " Father Perry Memorial Pund." In order to complete the 
amount for the new object-glass ^140 more is still required, so that 
further subscriptions will still be very welcome. 

Mn. W. W. Campbell, of Michigan University, has been ap- 
pointed Astronomer in the Lick Observatory in the place of 
Mr. Keeler, who has gone to Allegheny. 

PRor. Baei^ard's observation of Encke's Comet, quoted on 
p, 304, was afterwards corrected. Mr. Hind finds that Backlund's 
elements with 

aM=4-i' i5"-o 

represent the corrected observation within about 10" ; and thence 
deduces the following ephemeris : — 

R.A. Decl. I. 

h m 8 o , 

Sept. 5 7 7 10 +34 35'8 I'oo 

9 7 40 38 ZZ 28-4 1-24 

^3 8 15 34 31 38-2 1-53 

17 8 51 3 29 2*9 1-87 

21 9 26 21 25 44*6 2*27 

25 9 59 48 21 48-6 273 

29 1032 3 +1723-8 3-27 

Errata. — P. 286, line 2, /or 699 read 669 ; p. 289, line 21,^1 
a read no. 



THE OBSERVATORT, 

A MONTHLY REVIEW OF ASTEOKOMY. 



MEETING OF THE ASTRONOMICAL SOCIETY 
OF THE PACIFIC. 

Held at Lick Observatory, 1891, Sept. g. 

The Directors' meeting was held from 5.30 to 6 o'clock, President 
Piers on presiding. 
The ttiniites of the last meeting were approved, 
Twenty-flve members were elected. 

Mr. Biachoffsheim was elected to life-membership. The mem- 
oership of the Society ia now 420, of whom 44 are life- raem hers. 
The meeting of the Society was held in the Libraiy at 7 o'clock, 
-f^reBident Pierson in the Chair, 

The minutes of the ln,st meeting were approved. 
The Secretary announced that 38 presents had been received 
^^*ace last raeeting, and the thanks of the Society were voted to the 

The following papers were presented : — 
^^ <a. " Measurement of Jupiter's Satellites by interference methods," 
^*^^ Professor Michelson, of Clark University, Massachusetts. 
^.,_^ 6. " Enlarged Drawings from the Moon-negatives of the Lick 
^-* laervatory," by Professor "Weinek, Director of the Observaf-ory 
•i* Prague. 

c. " Catalogue of the Library of the Society," prepared by Otto 
■^OnGeldem. 

(J. " Observations of Jupiter and of his Satellites with the 36- 
^lich Equatorial of the Lick Observatory (1888-1890)." 

e. " The Observatory of the United States Military Academy at 
"^est Point," by Lieut. Harlow, in charge. 

The first-named paper only was read by Prof. CampbeU, and the 
*ueeting adjourned. 

After ad]ournment, the members and their friends were given 
the use of the 12- and 36-inch eqnatorials, and made the most of 
the superb seeing until midnight. 

Chaelbs Burokhalter, Secretary, 
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Astronomical Bibliography. 

Students of astronomical history and literature will find a great 
source of pleasure in the ' Catalogue of the Crawford Library .of 
the Eoyal Observatory, Edinburgh (497 pp. 4to, in two columns), 
complied by Lord Crawford and Dr. Copeland and distributed in 
February last*, as this work differs in many ways from similar 
catalogues and contains the titles of many scarce publications. 

Among astronomical Bibliographies the great work of Lalande 
and the catalogue of the Pulkova library must always rank in the 
first line, and they possess distinctive features, by which they sup- 
plement each other. Lalande follows strictly the chronological order , 
which at the time when he compiled his invaluable work, before the 
great astronomical journals had been started, was perhaps the most 
natural. The Pulkova Catalogue first divides astronomical publi- 
cations into two classes, separately published books (libri majores) 
and dissertations and reprints (libri minores sive dissertationes). 
Within these two divisions the titles are arranged according to sub- 
ject, while a good index enables the writings of any author to b^ 
picked out without trouble. The catalogue of dissertations is nofc 
confined to papers which actually exist in the library in separate 
copies, but journals and proceedings of academies have been searched 
and the titles of any papers of more than a passing interest inserted 
in their proper places. This makes the Pulkova catalogue of great 
value to anyone who wishes to read up a particular subject. 

An attempt to compile a complete astronomical bibliography has 
been made by the late M. Houzeau together with M. Lancaster, 
whose great work is still in course of publication. But however 
much one must admire the patience and diligence of the authors, 
and however valuable and interesting the historical introduction by 
M. Houzeau is, it cannot be denied that there are grave. deficiencies 
in this work. Not only have the authors attempted far too much 
and made the book swell to an inconvenient size, by introducing a 
great deal of extraneous matter, but in many cases they have evi- 
dently not seen a book or paper themselves, and some curious errors 
have arisen in this way f. Of course it would be impossible for one 
or two writers to have seen with their own eyes all astronomical 
publications (unless, indeed, they made a tour of the principal libra- 
ries of Europe), but it would have been safer to have indicated in 

* A special one-column edition was printed in only thirteen copies, affording 
room for additions and notes. 

t As an example we may mention in vol. i. p. 877 : "Liv den Tycho Brahes." 
This is not Danish, and there never was a book with a title resembling this in 
the least. The authors have evidently never seen Weistritz's * Lebensbeschreib- 
ung des T. von Brahe/ as they would have found it explained in the preface 
that it is a translation, not of a Danish book^ but of two sets of memoirs in 
Danish periodicals. On the same page and the next one three short papers in 
journals have been mistaken for separately published books (Nos. 6202, 6203, 
6207) ; the book of Friis (6205) was not published in a seoona edition. 
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some way the titles which have been copied second hand, as Lal^de 

always does. In the absence of any mark by which such titles can; 

be distinguished, a reader cannot place the same confidence in the 

otherwise very valuable ' Bibliographie astronomique ' as he would 

have a right to do if that precaution had been adopted. In this 

respect the catalogue of any large library, such as that of the R.» 

Astron. Society, or even a good auction catalogue, such as those o£ 

Libri's or Chasles' collections, possess an immense advantage, as onei 

can be absolutely sure that nothing is entered in them on mere 

hearsay, but that every book or paper has actually been handled by 

the compiler and (in the case of library catalogues) may be found 

and consulted in the place indicated. This is of course also the 

case with the new Edinburgh catalogue, but it is chiefly on account 

of the many rare books contained in it and the unusually full titles 

Btnd descriptions of them, that this work will be found of great 

value to students of astronomical literature. 

The library of Dun Echt Observatory, which in i8S8 was pre-^ 
sented by Lord Crawford to the Royal Observatory, Edinburgh, was 
collected in the years 1872 to 1888, a good beginning having been 
made by the acquisition of Babbage's library. A number of very 
rare works were transferred from the library of the late Lord Craw- 
ford at Haigh Hall, Lancashire. The printing of the catalogue 
was commenced in the spring of 1887 and was finished in the sum- 
mer of 1889, but new acquisitions were entered while the printing 
was progressing. It contains between eleven and twelve thousand 
titles, a great many of which refer to short papers, while, on the 
other hand, others are titles of serial works of a number of volumes. 
The catalogue is an alphabetical one, arranged chiefly according to 
the authors' names, and the titles have been very little contracted, 
while the number of plates, pages, and unnumbered leaves are care- 
fully indicated. It is needless to say that this information is often 
very useful to anyone who wishes to know if his own copy of a 
book is complete *. As regards these particulars the present cata- 
logue gives fuller details than any other work on astronomical 
bibliography, Scheibel's not excepted. As a means of classifying a 
number of works which it would otherwise have been difficult to 
pick out, upwards of twenty subject-headings have been introduced ; 
but when an author's name is distinctly given in works thus cata- 
logued, they appear again under his name. Under the headings of 
Academies and Olservatories serial publications are given under the 
name of the town in which the institution in question is situated, 
and this department is very complete. 

The most important subject-heading is that of Comets, which 
is remarkably extensive, and no pains have been spared to get 
together as many as possible of the quaint little pamphlets which 

* On p. 146 it should have been stated that the first and only number of 
ToL XT. at Zach's * Correspondanoe Astronomique' is wanting (it is very scarce, the 
miUieatum having been suddenly stopped by the clerical Censors of Genoa). 

2b2 
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the terror of comets produced during the seventeenth and part of 
the eighteenth centuries, especially in Germany. Many of these are 
no doubt worthless except as curiosities ; but as a grain of gold 
can occasionally be found among a heap of rubbish, it is well 
that this great collectiou of pamphlets (second probably only to 
that at Fulkova) has found a permanent home in the Edinburgh 
Observatory, particularly as they are becoming very scarce and 
dealers of late years demand exorbitant priceg for them. 

The literature of the fifteenth and sixteenth centuries has evi- 
dently been specially picked out on every occasion, and the 
catalogue is singularly rich in rare old books from that period. 
Thus there is a wonderful collection of the ephemerides of Eegio- 
montanus, all extremely scarce and well worth being looked at 
with veneration, since they played an important part in the great 
voyages of discovery. In addition to these there is quite a number 
of books printed before the year 1500*. Passing to the next 
cent ury it is deserving of special notice that the hbrary contains 
a copy of Tycho Brahe's httle book on the new star, pubHshed in 
1573 and so exceedingly rare that neither Lalande, nor Kastner, 
nor Eudolph Wolf had ever come across it. It is also interesting 
to see a copy of Tycho's book on the comet of 1577 with the 
original colophon, showing that the book was complete from the press 
at Uraniborg in 1588, thirt^ien years before its author's death t. 
If Madler could have seen this copy he would probably not have 
made the monstrous assertion, that Tycho Brahe's system of the 
world (which is set forth in this book) was in all probabihty 
falsely attributed to him, as it was published after his death in a 
book of which there is no proof that he was the author ! Poor 
Tycho, who was so proud of his system, just as proud as Madler 
was of his own central sun ! 

It would lead us too far if we were to enumerate all the scarce 
boohs described in this catalogue. Naturally modern hterature is 
very fully represented (though here and there a well-known 
book may be looked for in vain) ; and here again we find occasion to 
admire the fulness of the collection by seeing a complete set of 
Brunnov^^s ' Astronomical Notices,' twenty-nine in number (the 
R. A. S. has only 28 ; it is strange how scarce this journal has 
become). But the list of Manuscripts (placed together at the end 
of the volume) deserves being specially mentioned. It contains a 
number of MSS. from the fourteenth and fifteenth centuries, 
many of which came from Chasles' collection, as well as some 
valuable modem ones, such as Carrington's original Transit Circle 

* After a very extensiye use of the Catalogue I have only found one single 
error in it, yiz. on p. 237. The book, of which the title is given under 8ie 
name of Hippocrates, is not by that author, but the last seven pages of the 
book are taken up by Hyppocratis libellus de medicorum asfralogia. Lalande 
made two different books of this very scarce and interesting old book, of 
which I rejoice in the possession of a copy. 

t Compare the writer's Tycho Brake, p. 181. 



Oct. 1891.] Recent Solar Disturbances. 325 

Xiedgers *. Among the most interesting manuscripts are the 
meteorological diaries kept by various members of the Kirch femily 
at Berlin from 1697 to 1774 with some interruptions. In addition 
to notes on the weather the successive writers also now and then 
recorded astronomical phenomena ; thus the discovery of the 
globular cluster M 5 by Gotfried Kirch in 1702 and careful 
observations of the sixfold tail of the comet of 1744 attest the 
watchfulness of this family of observers t. 

Lord Crawford deserves the thanks of astronomers, not only for 
having presented this magnificent collection of books to the Edin- 
burgh Observatory, but also for having printed this carefully com- 
piled catalogue of all it.« treasures. J. L. £. Dbeyeb. 



Notes on some recent Solar Disturbances. 

(i) The bright Solar Prominence of 1891, September 10. 

The early part of September was marked by a great revival of Solar 
activity. The largest group of spots witnessed since June 1885 
crossed the Sun's disc between Aug. 29 and Sept. 10, in approxi- 
mate solar latitude 22^ N. Its first appearance on the eastern 
limb was sketched on Aug. 29 in latitude 21^ N., and its transit 
over the western limb was observed both on the screen and in the 
spectroscope, on Sept. 10, in latitude 22° N. 

A comparatively small but compact prominence, of great 
brightness, was seen through the latter instrument at 0.40 G-.M.T. 
It attained its greatest height, about 35" of arc, at 1.50 ; when it 
assumed the appearance of four blowpipe-jets intensely bright at 
the bends. This appeared to be the time of its greatest activity, 
judging by its dimensions, brightness, and rapidity of change. 
It was watched until 2.15, when the observer had to leave it. 
And at his return at 3.5 no prominence was visible ; but its 
place on the limb was distinctly marked by the intensity of 
all the bright lines which had been observed during its appearance : 
the prominence as such was extinct. 26 bright lines had been 
counted in all. And of these the usual lines of the chromosphere, 
C F ^ and D3, were so greatly intensified that the most inex- 
perienced observer could not have failed to see the form of the 
flame by any one of these colours. The well-known lines in the 





|h ^^m ih 50™ 3** 5" P.M. 

1891, Sept. 10. a.M.T. 

* The Bedhill observations of sun-spots were presented by Lord Crawford 
^ ^h% Itoyal Astronomical Society. 
t* Oompare Copernicus, vol. iii. p. 104. 
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ted, 7055 ani 6677 of Angstrom's scale, and D, Dj b^ b^ b^ l>, and 
7i, were seen bright nlmost quite up to the eitreme height of the 
prominence ; while the remaining 13 lines glowed only np to about 
half the average height of the chromosphere. These were not 
accurately identified, but 9 of them were seen between \ 5300 
and 5400, and probably belong to the group of iron lines in. that 
region ; the other four were seen between the bb group and F, 

A careful measurement of the spot drawing made earlier in the 
morning shows that a strong nucleus of a spot group was exactly 
upon the limb at the time of the spectroscopic observations. 

A luore detailed account of the group of spots, aa observed 
during ita passage, may be given later. But in connectioa with the 
bright prominence it moat be noted here that the entire group of 
spots ma)' be dirifled into two parts — a preceding and a following 
sub-group. The first of these was not observed on the limb. It 
was well over it on the morning of the 10th of September. The 
preceding part of the following sub-group appears to have been 
the seat of the observed disturbance, and this was the most active 
centre of the whole group during its passage over the solar disc. 
Both of the sub-groups were eiamined with the spectroscope on 
Aug, 30, Sept. 3, and Sept. 4 ; when nothing unusual was 
discovered in the first, while the preceding part of the following 
sub-group gave evidence of great activity by reversion, distortion, 
and widening of the C line, on all the three days o£ observation. 

The terrestrial magnetic field may be described as generally more 
disturbed during the progress of the spot than in the preceding 
month, and notably at the beginning and end of its course. 

But there are no indications of magnetic disturbance accom- 
panying the solar eruptions seen through the spectroscof*. Even 
the brilliant display on the western limb, of the loth, has left 
nothing that can be considered a record of itself on the magneto- 
graph curves. Waweu SiitGEEATBa. 

Stonvhurat ObBBrratory, 
Lancaehire. 

(3) The Disturbances of 1891, June 17. 

On i8gi, June 17, to'' 9™ Greenwich CivU Time, M. Trouvelot 
projected the Solar image on a screen, when his attention was 
suddenly arrested by an "extraordinary luminous appearance such 
as he had never seen before." 

" Close to the western, limb was a brigtit spot subtending an 
angle of 3° on the limb, greatly surpassing in intensity the most 
bnlliant faculte he had ever seen. The light was not white aa in 
faculiB, but slightly yellow, very hke that of an ineaudescent lamp 

just before it acquires its maximum brilliancy A minute 

later there appeared, a little north of this object, a narrow line of 
facula, parallel to the limb and at a little distance from it, and 
subtending an arc of 5° to 6°, shining with the same Mnd of ligbti 
but not so brilliantly." 



J 
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After observing these phenomena for a few minutes, M. Trou- 
velot adjusted the spectroscope on the region and found two 
prominences, "one at 281° and the other at 286° to 290V* (No 
further explanation of these figures is given in C. fi., No. 25, 
p. 1420, but from comparison with the photographs, to be presently 
mentioned, it is inferred that they are angles from N. point in the 
direction N.E., S., W.). But it soon became evident that the phe- 
nomena were diminishing in brilliancy ; which was confirmed on 
removing the spectroscope and again mounting an ocular. " M, 
ou quelques minutes plus tot etincelait une si eblouissante lumiere, 
on ne voyait lien d'inusite, pas meme la plus faible trace de facule." 
f We imagine that here M. Trouvelot is referring only to the place 
formerly occupied by the bright light at first noticed ; and does 
Hot mean that the facula which appeared a minute later had also 
disappeared : though this is not quite clear from his words. We shall 
return to this point immediately.] The spectroscope was replaced 
^nd the prominences were found to have undergone some change, 
fcut to be nearly as bright as before. Only a few lines were 
x^versed, however ; C, D^, F, and G were very bright ; but besides 
"these there was only X 6676*8, 6, a line in the blue, and perhaps 
>. 4394*8. Nothing was seen on D^ and D^. M. Trouvelot con- 
"tinued to observe the gradually diminishing spectroscopic phenomena 
"till midday; and again, on June 18 from 9** 20"* till 2*^ 35™, when 
*' le calme est retabli et toute trace de protuberance Eruptive a 
disparu." In the afternoon of June 17, observations were made 
quite independently by M. Jules Fenyi, at Kalocsa. He refers to 
the disturbed region (now marked by the facula alone ?) as " un 
groupe de taches en train de se developper k 21° de latitude, qui 
allait, selon notre calcui, franchir le bord occidental du Soleil k 
282° du pole celeste." But his observations were confined to the 
neighbouring prominences, whose enormous velocity in the hne of 
sight struck him at once. Careful measurements gave as the value 
of this velocity 300 to 400 kilometres per second ; and the rapid 
development of the prominence from a height of 1 11" to 257" in- 
dicated a velocity of about 500 km. per second transverse to the 
line of sight. The resultant velocity, even allowing only a 
moderate componeut in the third direction, may have at times 
reached 1000 km. per second ! If the appearances are due to 
matter in actual motion with such velocity as this, it would of 
course escape from the Sun's attraction. 

In concluding his account of the phenomenon, M. Trouvelot 
compares it to that simultaneously observed by Carrington and 
Hodgson (Monthly Notices, xx. pp. 13-16) on 1859 Sept. i, 
which was accompanied by marked magnetic disturbances ; and he 
asks whether such was also the case on Sept. 17 On examining 
the Greenwich photographic records, we find a very minute, though 
unmistakable, disturbance at almost precisely the time noted by 
Trouvelot. It is not quite clear from his account whether he began 
observing at 10** 7™ (10*^ 16™, Paris time), or whether the bright 
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spot saddenlj appeared then. But it is clear that the disap- 
pearance was very rapid, and the whole phenomenon very short- 
lived. Now at TO** 7"*, within a very small limit of error, there 
was a sudden small disturbance of all three magnets (registering 
declination, horizontal force, and vertical force), as will be seen 
from the appended diagram for 2 of the elements. The distur- 
bance is smaller than many others on the same day, although the 
day itself was very quiet ; but it differs from others, one of which 
(at about 3^) is shown for comparison in its abruptness, which is 
clearly shown in all three curves. The change in declination is 
only about i', and in H.F. 0*0005 ^^ *^® whole H.F. We may 
compare with these the change of 17' in declination, and 0-0064 of 
the whole H.F., which took place on 1859 Sept. i, simultane- 
ously with the Carrington-Hodgson disturbance, and the tremendous 
magnetic storm which went on for some days, during which the 
changes were much larger still ; and it becomes obvious that the 
phenomena of June 17 were of an entirely different order of 
magnitude. 

Declination. 





Horizontal Force. 
Magnetic Disturbance, 1891 Sept. 17* io*» 7™. 

Two photographs of the Sun were taken at Greenwich curiously 
near the time of M. Trouvelot's observation — one at lo*" 19™ 53' 
Q-.C.T., and another at lo*' 51™ 53'. Both show the facula de- 
scribed by M. Trouvelot, but there is no trace of anything extraor- 
dinary ; nor, indeed, should there be, according to M. Trouvelot's 
account, for the brilliant region had disappeared within a few 
minutes after 10** 7"*. H. H. Ttjbnbb, 
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Notes on Jupiter. 

The Med Spot, — I observed the red spot pass the central meri- 
dian of Jopiter on Aug. 28 at 13" 51" and on Sept, 12 at 11" 11", 
so that it followed Mnrth'a zero meridian about 6 minutes. Com- 
paring the observation on Sept. 12 with one made here on Sept. 1, 
1890, at 9'' 35", I lind the mean rotation-period 

9" 55"" 4°''9 (909 rotations). 

The motion of this object appears therefore to have been slightly 
retarded daring the last twelve mouths. To my eye the major 
a.xi8 of the spot is less thau it formerly was. There is a small 
black speck on its /. end, and the red hue is now very obvious. 




On. Sept. 10 Sat. III. and its shadow were projected on the region 
of the red spot; the shadow was black, while the satellite itself 
was brown and placed on the s.p. border of the spot. 

MarJciiig» S. of the Red Spot.—Amii the faint belts outlying 
the red spot there are dark and bright markings. The most con- 
spicuous of the former is an elliptical dark spot or thickening 
of a belt in about S. hit. 30°. 1 noticed this on the CM. on 
Sept. 4 8" 48", Sept. II 9" 25'°, and Sept. 15 12'' 35". It isabont 
36 minutes crossing the CM,, so it extends over nearly 22° in 
longitude. This is the same object to which Mr. A, S. WiUiama 
called attention in the ' Monthly Notices,' June 1890, p. 521, and 
in July 1S90 its latitude was diverted several degrees northwards 
owing to the repelling influence exerted by the red spot, 
Mr. Williams not*d the former object central on March 28. 1890, 
at 17" 20", and on comparing this observation with mine on 
Sept. 15 last, I liad the resulting period 

9" 55° >8''3 (1296 rotations). 

It gains 2Z-6 on the red spot during a single revolution of the 
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with the red spot must therefore occur at intervals of ahout 
655 days. It now follows the red spot ^ 54™, so that the next 
conjunction will take place on ahout May 30, 1892. 

In the same latitude there are two hrilliant spots separated hy 
some 35% and shining on the S. side of the faint dark belt. The 
/. spot of these was on C.M. as follows : — 

1891. h m 

Aug. 21 ... . 13 2 In conjunction with Bed Spot. 

28 . . , . 13 4T Precedes Bed 10 min. 

Sept. 2 .. . . 12 42 

12 .... 10 48 Precedes Bed 23 min. 

I find the period is 

^h ^^m jg..^ (^3 rotations), 

which differs only one-tenth of a second from that of the spot 
previously alluded to, and is doubtless situated in the same 
current. In the winter of 1 880-1 I found a period of 9^ 55™ i7"*9 
for a dark spot in this latitude, and Mr. Williams gives 9** 55°* ly'-i 
as the mean of three spots seen in S. lat. 30° in 1887 ('Zeno- 
graphical Fragments,' p. iii). 

Dark spots on belt N, of N. Equatorial Belt, — These are nume- 
rous and very distinct ; they are situated on the S. half of a double 
belt in about N. lat. 25°. They are of special interest, from the 
fact that their motion is swifter than that of any other Jovian 
features. One of the chief spots was observed on the CM. a& 
follows : — 



I89I. 


h m 


1891. 


h TTl 


Aug. 21 .... 


12 41 


Sept. II .... 


9 39 


28 .... 


II 41 


13 


10 46 


Sept. 4 


10 44 


15 


II 52 



The resulting period is 

9*» 49™ 27"*2 (61 rotations^ 

or 6" i3"'7 less than the red spot, so that the daily loss of the 
latter amounts to 15"* 3**4. The conjunctions of the two spots 
will therefore occur at intervals of a little over 39 days. On 
Sept. 15, at 13^ there were five of these dark N. temperate spots 
visible at the same time; they were strung like beads on the 
S. half of the belt. Mr. A. S. Williams has also been observing 
these features, and has noted their rapid motions. He finds that 
some of these spots move more rapidly than others. 

But, rapid as these spots are moving, their velocity is less than 
that of some dark spots which broke out in the same latitude in the 
autumn of 1880, and gave a rotation-period of 9** 48". These phe- 
nomena ^*erey however, somewhat evanescent, for the dark material 
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forming them dispersed itself longitudinally and soon formed a 
new dark belt on the planet. Has the rapid motion which affectfd 
this latitude in 1 88o been retarded to the extent of some .8 seconds 
annually, so that the period of 9" 48"" in 1880 has been increased 
to g"" 49" 27''2 in i8gr, or must we regard the present outbreak 
ae new and the great proper motion as merely of temporary 
character? Prom what we know of the behaviour of the markings, 
it 18 highly probable that Ihere has been a gradual slackening of 
pace goiag on in the dark material of the belt since 1880. The 
red spot and equatorial markings show a retardation, and the same 
piBculiarity affeets some other features. It is very singular that in 
the region of N. lat. 25° the spota move with such exceptional 
speed. 

Bright xpnte on N. side, N, Equatorial Belt. — A very pronounced 
feature of this character was on the CM. on Aug. zS 10" 53", and 
there was a small black spot closely p- and/. I observed the same 
object on Sept. 8, i8go, 8" 2", when it was at mid-transit, so the 
spot has a mean period of 

9" 55"" 3^''3 (S3 1 rotations), 

and only a'-G leas tiian the red spot. j 

There are other similar spots in this latitude (about N. 12°). 
I saw one of these objerts on Nov. 27, 1884, and frequently rg- 
observed it in 1885 and 1886, and it is probably identical with the 
one now visible; but I cannot prove this, as my observations have 
not been continuous. It now precedes the red spot about 3 hours. 
White Equatorial Spots. — A number of bright spots have beet 
observed on the equatorial side of the great S. belt. The fol- 
lowing ajB the times of observed transits : — 

L, j ' .89'. h " 

I Aug.28 10 23- 

^^' Sept. 2 II 47 

^^b 3 1° 53 

^^B 4 

^^H 4 1° 47 

^^^I^ese are different spots, eicept in the case of the two marked 
with an asterisk. I have not been able to secure any later obser- 
vations of these objects, and must reserve the discussion; of their 
periods for a future communication. 

I send you these notes in the hope that other observers will 
compare results and contribute something to your pages on the 
same subject. 

Bristol, 1S51, Sept. 20. W. P. DBHHIHH. 
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Observations at Morrison Otservdtory on the Surface^ 
markings of Jupiter^ from August to December i8go. 



Date. 



1890. 

Aug. 14 



Aug. 21 



Aug. 26 
Aug. 28 



Sept. 2 



Sept. 1 1 



a.M.T. 



h m 
H 47 



15 3n 



14 42 
16 20 



15 24 



Sept. 16 



Sept. 17 



I 



16 56 



12 50 



Phenomena and Explanatory Notes. 



Bed Spot at centre of disc. Two fine round 
black spots north of Eed Spot, much resem 
bling the shadows of satellites. At first thej 
were taken to be shadows. 

Centre of Bed Spot at centre of disc. The 
transit of the spot was Ttvost caarefiMy observed^ 
both bj the method of equal segments, as in 
former years, and by actual micrometer 
measures. Seeing very good. Both the 
transit of centre and of following end ob- 
seryed. The two fine sharp black spots on 
north edge of north equatorial belt have the 
same relative position to each other. The 
followina one of these spots is very little pre- 
ceding the centre of Bed Spot. The dimen- 
sions and outline of the Ked Spot remain 
about the same as they showed themselves 
twelve years ago. It has still a pale red hue, 
which comes out beautifully in a favourable 
atmosphere. 

Centre of Bed Spot at centre of disc. Seeinggood. 

Centre at centre of disc. Fine seeing. Draw- 
ing made of Bed Spot. Observed both centre 
and following end at transit. 

Centre of Bed Spot at centre of disc. Outline 
of spot distinct. The larger and preceding 
of the two black spots seen Aug. 14-21 was 
at first taken for the shadow of a satellite^ 
and on this hypothesis micrometer measures 
were made of its distance from the central 
line of the disc, perpendicular to the rotation 
fuds of planet. This distance was found to 
be 2 "'9 6 noi*th of the central line. 

In the attempt to obtain transit of centre of 
Bed Spot, due about I7--8 G.M.T., I was 
frustrated by the apparent swelling or pro- 
tvberance on the belt, south preceding Bed 
Spot, and in apparent contact with Bed Spotj 
This seems to be the dark spot mentioned 
by Mr. A. Stanley Williams (* Observatory,' 
Nos. 165, 166), Having passed under the 
Bed Spot it is again emergmg. 

Bed Spot at centre of disc. The precision of 
this observation is somewhat impaired by the 
knot or protuberance on the belt s.p. the Bed 
Spot. It is not yet clear of the Bed Spot. 
Seeing not very favourable, yet great care 
was taken to obtain a correct transit. 

Bed Spot at centre. Outlines of spot distinct ; 
colour pale red. The shadow of I. was on 
the disc. 
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Duto. G.M.T. 



Phenonteaa and Explaiuitoi7 NotM. 



n. Perhdps one of these waa 
oiied bj Mr. Wiiugli, ' Obaer- 



Centre of Red Spot at oentml meridian. Very 
uieac. yet itnagea not good. The two round 
bltuik spots on nartb. margin uf nortb equa- 
torial belt very pliiin to-nigbl, and the /o(- 
lon-iiig one preiided the preceding end of 
Bed Sjx>t by a quantity BCaroetj appre- 

Red 8pot at reotre of disc. Seeing very pooi 
Jet the two round block Bpols on north 
margin of north equatorial belt were dis- 
tinotly swn in the same position as on igth, 

IVo line ruund block apote.retiembtlngBhadovs 
of BOtalUles, were obtierved on the north edgD 
of the north equatorial belt, and these are 
ejilinly diMinut from tha pair Ol blaot spots 
JHBt north of the Bed Spot. The following 
Diis of thispair of spots passed the centra) 
meridian of the planet at 1+" 19"" G.M.Tj 
Though oarefuUj looked for. thU 
never ujmiQ 
the spot mi 
vatory;No..67. 

Bed Spot at centre. Seeing was very good, and 
the Bod Spot was nearly central whei '' ~ 
plunet pussed the local meridian. Th 
round black spots on K. margin of N. 
toriol belt were in their place HS usual, 
interval between them, carefully niea 
by t!ie micrometer, was found to be 
Ihe rollowini; one of LhiN ptur follows the 
preoeding end of Red Spot hj a very " 
interval. The knot or swell on tb( 
south of Red Spot is now fairly clear of Bed 
Spot, und tnalLes a conspicuous feature 
thnt S. bell^ 

B*d Spot at centre. Images steady; deGniti 
good. The two black spots prtaerte 1 
same nppenranee and relatiie pusition 
each other and to the Red SpoL The dark 
knot or swell in the bolt a.p. Bed Spo 

Centre of Red Spot at centre. Seein, 
flue. Tbe outline of Bed Spot wa» 
and distinct as in former years, yet its 1 
itig is much reduced. The pair of black 
spots very distinct, with no appreciable 
change of positJoD. The bel's all very sharp, 
and tinged with red rery deeply. The knot 
or swell on the belt s.p. Bed Spot has rt 
ceded still ilirther from Red Spot. 

Red Spot at centre. Observation made i 
earljtwQight and just before planet camet 
meridian. The knot or belt s.p. ia sUU fui 
tljcr receding from Bed Spot. 




Surface'tnarkinffs of Jupiter. 



lisu. *^ 



I 



^ate. 



1890. 
Act, 18 



Oct 23 



aM.T. 



h m 
13 29 



12 35 



Oct, 25 
Oct. 30 

Nov. 4 



Nov. 21 
Nov. 26 
Dec. 3 



14 12 
12 30 



" 3+ 

10 44 

11 30 



Phenomena and Explanatory Notes. 



Centre at centre. Seeinff tolerable, at. in|£tr- 
vals very good. The following one of black 
spots is still very little foUowing the pre^ 
ceding end of Bed Spot. The knbt in belt 
«.p. S&di Spot still recedes very slowly from 
Bed Spot, and is much less conspicuous in 
the belt. 

Centre at centre. Seeing excellent. Transit 
of centre and following end observed. 
During the observation the shadow of Sat II. 
was situated on the S. mar^n of the N. equa- 
torial belt, between the pair of black spots, 
thus affording a rare opportunity to compare 
the spots with the shadow. There was a 
difference in the intensity of the blackness in 
favour of the shadow. There is no change 
whatever in these spots, except that they 
may be a little elongated in the direction of 
the belt They are very sharp to-night. The 
dark knot in belt 8.p, Bed Spot quite plain, 
and is slowly receding towards the limb of 
the planet 

Centre of Bed Spot at centre. Seeing poot. 

Centre of Bed Spot at centre. Seeing .very 
variable. 

Centre of Bed Spot at centre. Seeing excellent, 
Planet near meridian. Outline of spot very 
distinct. The pair of black spots still keep 
their place — following one is still a verj- 
little following the preceding end of Bed 
Spot. They are still very nearly round, and 
much resemble the shadows of satellites. 

Centre of Bed Spot at centre. Observed both 
centre and following end. Outlines sharp 
and plain. 

Bed Spot at centre. Observed about sunset 
and planet near meridian. Seeing good anc 
spot quite plain. 

Bed Spot at centre of disc. Seeing very 
variable; planet has just passed meridian. 
Observation fair. The pair of black spots 
seen as usual, the following one just following 
the preceding end of red spot. 



Weight. 
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The foregoing observations and notes were drawn off fror 
observing-book several months ago ; but serious family afF 
has delayed their, transmission for publication till now. P 
some of the notes may have a value during the present opp( 

The rotation time of the planet, as deduced from the o 
tions of the Red Spot, was computed by Prof. H. S. Pritc 
Washington "University, St. Louis, 
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For this purpose the observations were reduced to Q-e. Long. 
305° and to Ge. Dist. 4-80 : 

Correction for Long, were of the form i"*654 (305°— L), 

Light Eq. „ „ 8-32 (480 -A), 

(vhere L is the longitude and A the distance at any epoch. 

The equations of condition, involving 269 rotations of the 
planet, were 2 1 in number, and of the following form — 

«vhere K = error of observation of Aug. 14, 1890. 

N = number of observations between that date and time T^. 
a? = correction to the assumed rotation, 5 9 5™* 7. 
Tj= corrected time of transit of spot at any date. 
To= „ „ „ on Aug. 14. 

ITreated hj the method of least squares, these equations gave the 
3iormals 

2I*oK+ 2679*0 37+ i48'i=o, 

2679*0 K+462985'o a?+ 28344*1 =0, 
where a?= — 0^*077226, 

and therefore the rotation time = 9*" 55™ 37'*366+o"*378. 

This result would seem to indicate that the retrograde motion 
of the Eed Spot has at least slackened within the last two years. 
It must be admitted, however, that the probable error of a single 
observation is large and also some of the residuals. But this was 
to be expected, as at least half of the observations were made 
under unfavourable conditions. C. W. Pjiitohett, 

July 1891. 

[We have printed the above notes after some hesitation. It is 
not within our province to publish original observations, which 
are much more accessible if printed in the publications regularly 
devoted to them. But it may interest our readers to compare the 
above notes with their own observatioDS. In several particulars 
they illustrate more especially the way not to make notes. 
Compare, for example, the variety and inaccuracy of the expres- 
sions used for describing the transit of the Eed Spot across the 
central meridian. — Eds.] 



An Astronomer's Work in a Modem Observatory *. 

The work of Astronomical Observatories has been divided into 
two classes, viz. Astrometry and Astrophysics. The first of these 

* From the ' Proceedings of the Kojal Institution of Great Britain/ May 29, 
1891. 
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relates. to Astronomy of precision, that is to the determination of 
the positions of celestial objects ; the second relates to the study 
of their physical features and chemical constitution. 

Some years ago the aims and objects of these two classes of 
observatories might have been considered perfectly distinct, and, in 
fact, were so considered. But I hope to show that in more recent 
years their objects and their processes have become so interlaced 
that they cannot with advantage be divided, and a fully equipped 
modern observatory must be understood to include the work both 
of Astrometry and Astrophysics. 

In any such observatory the principal and the fundamental in- 
strument is the transit-circle. It is upon the position in the 
heavens of celestial objects, as determined with this instrument or 
with kindred instruments, that the whole fair superstructure of 
exact astronomy rests ; that is to say, all that we find of informa- 
tion and prediction in our nautical almanacs, all that we know of 
the past and can predict of the future motions of the celestial 
bodies. 

Here is a very small and imperfect model, but it will serve to 
render intelligible the photograph of the actual instrument which 
will be subsequently projected on the screen. [Here the lecturer 
described the adjustments and mode of using a transit-circle.] 

We are now in a position to understand photographs of the 
instrument itself. But first of all as to the house in which it 
dwells. Here, now on the screen, is the outside of the main 
building of the Eoyal Observatory, Cape of Good Hope. I select 
it simply because, being the observatory which it is my privilege to 
direct, it is the one of which I can most easily procure a series of 
photographs. It was built during the years 1824-28, and like all 
the observatories built about that time, and like too many built 
since, it is a very fair type of most of the things which an observa- 
tory should not be. It is, as you see, an admirably solid and 
substantia] structure, innocent of any architectural charm, and, so 
far as it affords an excellent dwelling-place, good library accommo- 
dation, and good rooms for computers, no fault can be found with 
it. But these very qualities render it undesirable as an observa- 
tory. An essential matter for a perfect observatory should be the 
possibility to equalize the internal and the external temperature. 
The site of an instrument should also be free from the immediate 
surroundings of chimneys or other origin of ascending currents of 
heated air. Both these conditions are incompatible with thick 
walls of masonry and the chimneys of attached dwelling-houses, 
and therefore, so as far as possible, I have removed the instruments 
to small detached houses of their own. But the transit-circle still 
remains in the main building, for, as will be evident to you, it is 
no easy matter to transport such an instrument. 

The two first photographs show the instrument, in one case 
pointed nearly horizontally to the north, the other pointed nearly 
vertical. Neither can show all parts of the instrument, but you 
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COD see tke maexive etorie piers, weighing many tons each, which, 
reatiug on the soUd blocka to feet below, support the pivots, 
Hore are the counter- weights which remove a great part of Ihu 
weight of the instrument from the pivots, leaving only a residual 
preasure sufficient to enable the pivots to preserve the motion of 
tbe instrument in its proper plane. Here ore the microscopes by 
which the circle is read. Here the opening through wliicb the 
instrument views the meridian skj. The observer's chair is shown 
in this diagram. His work appears to be very simple, and so it is, 
but it requires special natural gifts — patience and devotion, and a 
high sense of the importance of liia work — to make a flrst-rate 
meridian observer, toothing apparently more monotonous can be 
well imagined if a man is " not to the manner born," 

Having directed his instrument by means of the setting-circle to 
the required altitude, he clamps it there and waits for the star 
which he is about to observe to enter the iield. This is what he 
sees. [Artificial transit of a star by lantern.] 

As the star enters tbe field it passes wire aft^r wire, and as it 
passes each wire he presses the key of his chronograph and 
records ^be instant automatically. As the star passes the middle 
wire he bisects it with the horiaontal web, and again similarly 
records on bis chronograph the transit of the star over the re- 
maining weba. Then he reads off the microscopes by which the 
drcle is read, and also the barometer and thermometer, in order 
afterwards to be able to calculate accurately the effect of atmo- 
spheric refraction on the observed altitude of the star ; and then 
his observation is tinished. Thus the work of the meridian 
observer goes on, star after star, hour aftar hour, and night after 
night ; and, as yon see, it differs very widely from the popular 
notion of an astronomers occupatiou. It presents no dreamy 
contemplation, no watching for new stars, no unexpected or 
startling phenomena. On the contrary, there is beside him the 
carefully prepared observing-list for the night, the previously 
calculated circle setting for each star, allowing just sutficient time 
for tbe new setting for tbe next star after the readings of the 
circle for tbe previous observation. 

After four or five hours of this work the observers have had 
enough of it ; they have, perhaps, observed fifty or sixty stars, they 
determine certain instrumental errors, and betake themselves to bed, 
tired, but (if they are of the right stuff) happy and contented men. 
At the Cape we employ two observers, one to read the circle and one 
to record the transit. J^'our observers are employed, and they are 
thus on duty each alternate night. Such is the work that an outsider 
Would see were be to enter a working meridian observatory at night, 
but he would find out if he came next morning that the work was by 
fto means over. By far the largest part has yet to follow. An obaej-- 
Vation that requires only two or three ininittea to make at night, 
»S!quires at least half an hour for its reduction by day. Each obser- 
'vation is affected by a number of errors, and these have to be deter- 
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mined and allowed for. Although eolidly founded on maasive pien 
reatiug on the §olid rock, the constency tji the inatrument's poa'tion 
cjinnot be relied upon, It ^oes thrtmgh small periodic changes in 
Level, in Oolliraatiou, and in Aaiin uth, which have to be determined 
by proper means, andthe corresponding corrections have to be com- 
puted and app'ied ; and aliso there are other correetione for refrac- 
tion, &c., which involve computation and have to be applied. But 
these matters would full more properly under the head of a special 
lecture upon the transit inutrumeut, 1 mention them now merely 
tu explain why so great a part of an astronomer's work comes in the 
daytime, and to dispel the notion that his work belongs only tfl the 
night. 

One might very well occupy a special lecture in an account of the 
peculiarities of what is called personal equation — that is to say, the 
difEerent time which elapses for different observers between the time 
when the observer believes the star to be u]>on the wire and the time 
when the finger responds to the message which the eye has conveyed 
to the brain. Some obaerverB alHwe press the key too soon, some 
alwayis too late. Borne years ago I discovered, from observations to 
which I will subsequently refer, that nil observers press the.chroao- 
graph key either too soon for blight stars or too late for faint 

Other errors may, and 1 am sure do, arise both at Greenwicli and 
the Capefrom the impossibility of seauring uniformity of outside and 
inside temperature in a building of strong masonry. The ideal 
observatory should be solid as possible as to its foundations, but 
light as possible as to its roof and walls — say, a light framework of 
iron covered with canvas. But it would be undesirable to cover a 
valuable aud permanent instrument iu this way. 

But here is a form of observatory which realizes all that in 
required, and which is eminently suited for permanent use. Tlie 
walls are of sheet iron, which readily acquire the tempgrature of tht 
outer air. The iron walls are protected from direct sunshine by 
wooden louvres, and small doors in the iron walls admit a free circu- 
lation of air. The revolving rooE is a light framework of iron covered 
with well -painted jxyjier mdchc. 

The photograph now on the screen shows the interior of the 
observatory, and this brings me to the description of observations of 
an entirely difEerent class. In this observatory the roof turns round 
on wheels, so that auy part of the sky can be viewed from the tele- 
scope. This is so because the instrument in this observatory is 
intended for purposes which are entu-ely different from those of a 
transit-circle. The transiUcircle, as we have seen, is used to deter- 
mine the nbtoliiif positions- of the heavenly bodies : the heliometer 
to determine with gi-eater precision than is possible by the absoluce 
method the relative positions of celestial objects. 

To explain my meaning as to absolute aud relative positions — It 
would, for example, be a matter of very little importance if the 
absolute latitude of a point on the Koval Esohauge o. ' " ' 
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England were one tenth cf a second of arc (or ten feet) wrong in 
the maps of the Ordnance Survey of England — that would consti- 
tute a small absolute error common to all the buildings on the same 
map of a part of the city, and common to all the adjoining maps 
also. Such an error, regarded as an absolute error, would evidently 
be of no importance if every point on the map had the same abso- 
lute error. There is no one who can say at the present moment 
whether the absolute latitude of the Eoyal Exchange — nay, even 
of the Eoyal Observatory, Greenwich — ^is known to ten feet. But 
it would be a very serious thing indeed if the relative positions on 
the same map were ten feet wrong here and there. For example, 
if of two points marking a frontage boundary on Comhill one were 
correct, the other ten feet in error — what a nice fuss there would 
be ! what food for lawyers ! what a bad time for the Ordnance 
Survey Office ! Well, it is just the same in Astronomy. 

We do not know, we probably never shall know with certainty, 
the absolute places of even the principal stars to y^^^th of a second 
of arc. But -^th of a second of arc in the measure of some rela- 
tive position would be fatal. For example, in the measurement of 
"the Sun's parallax an error of ^th of a second of arc means an error 
of 1,000,000 miles, in round numbers, in the Sun's distance ; and 
it is only when we can be quite certain of our measures of much 
smaller quantities ^than y^jth of a second of arc, that we are in a posi- 
'tion to begin seriously the determination of such a problem as that 
of the distances of the fixed stars. For these problems we must use 
<lifferential measures, that is measures of the relative positions of 
"two objects. The most perfect instrument for such purposes is the 
lieliometer. 

Lord McLaren has kindly sent from Edinburgh, for the purposes 
of this lecture, the parts of his heliometer which are necessary to 
illustrate the principles of the instrument. 

This instrument is the same which I used on Lord Crawford's 
expedition to Mauritius, in 1874. It was also kindly lent to me by 
Lord Crawford for an expedition to the Island of Ascension to ob- 
serve the opposition of Mars, in 1877. ^ 1879, when I went to 
the Cape, I acquired the instrument from Lord Crawford and carried 
out certain researches with it on the distances of the fixed stars. 

In 1 087, when the Admiralty provided the new heliometer for 
the Cape Observatory, this instrument again changed hands. It 
became the property of Lord McLaren. I felt rather disloyal in 
parting with so old a friend. We had spent so many happy hours 
together, we had shared a good many anxieties logether, and we htuw 
each other^s weaknesses so well. But my old friend has fallen into 
good hands and has found another sphere of work. 

The principle of the. instrument is as follows. [The instrument 
was here explained.] 

There is now on the screen a picture of the new heliometer of 
the Cape Observatory, which was mounted in 1887, and has been 
in oonstant use ever since. It is an instrument of the most refined 

2c2 
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modern construction, and is probably the finest apparatus for refined 
measurement o£ celestial angles in the world. 

[Here were explained the various parts of the instrument in the 
relation to the model, and the actual processes of observation were 
illustrated by the images of artificial stars projected on a screen.] 

Here, again, there is little that conforms to the popular idea of 
an astronomer's work ; there is no searching for objects, no contem- 
plative watching, nothing sensational of any kind. On the contKtry, 
every detail of his work has been previously arranged and calculated 
before-hand, and the prospect that lies before him in his night's work 
is simply more or less of a struggle with the difficulties which are 
created by the agitation of the star images, caused by irregularities 
in the atmospheric refraction. It is not upon one night in a hun- 
dred that the images of stars are perfectly tranquil. You have the 
same effect in an exaggerated way when looking across a bog on a 
hot day. Thus, generally, as the images are approached, they ap- 
pear to cross and recross each other, and the observer must either 
seize a moment of comparative tranquility to make his definitive bi- 
section, or he may arrive at it by gradual approximations till he 
finds that the vibrating images of the two stars seem to pass each 
other as often to one side as to the other. So soon as such a bisec- 
tion has been made the time is recorded on the chronograph, then 
the scales are pointed on and printed off, and so the work goes on, 
varied only by reversals of the segments and of the position-circle- 
Generally, I now arrange for 32 such bisections, and these occupy^ 
about an hour and a half. By that time one as had about enough of it^^ 
the nerves are somewhat tired, so are the muscles of the back of th© 
neck, and, if the observer is wise, and wishes to do his best work, 
he goes to bed early and gets up again at two or three o'clock in the 
morning, and goes thiough a similar p^ece of work. In fact this 
must be his regular routine night after night, whenever the weather 
is clear, if he is engaged, as I have been, on a large programme of 
work on the parallaxes of the fixed stars, or on observations to deter- 
mine the distance of the Sun by observations of minor planets, 

I will not speak now of these researches, because they are still 
in progress of execution or of reduction. I would rather, in the 
first place, endeavour to complete the picture of a night's work in 
a modern observatory. 

We pass on to celestial photography, where astrometry and 
astrophysics join hands. Here on the screen is the interior of one 
of the new photographic observatories, that at Paris. [Brief 
description.] 

Here is the exterior of our new photographic observatory at the 
Cape. Here is the interior of it, and the instrument. [Brief 
description.] 

The observer's work during the exposure is simply to direct the 
telescope to the required part of the sky, and then the clockwork 
marly does the rest — but not quite so. The observer holds in his 
hand a little electrical switch with two keys ; by pressing one key 
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be can accelerate the velocity of the driving-screw by about i per 
cent., and by pressing the other he can retard it i per cent. In 
this way he keeps one of the stars in the field always perfectly 
bisected by the cross wires of his aiding telescope, and thus 
corrects the small errors produced partly by changes of refraction, 
partly by small unavoidable errors in cutting the teeth of the arc 
into which the screw of the driving-shaft of the clockwork gears. 

The work is monotonous rather than fatiguing, and the com- 
panionship of a pipe or cigar is very helpful during long exposures. 
-A man can go on for a watch of four or five hours very well, taking 
plate after plate, exposing each, it may be, forty minutes or an 
tour. If the night is fine a second observer follows the first, and 
so the work goes on the greater part of the night. Next day he 
develops his plate and gets something like this. [Star cluster.] 

Working just in this way, but with the more humble apparatus 
xvhich you see imperfectly in the picture now on the screen, we 
Iiave with a rapid rectilinear lens by Dallmeyer of 6 inches aper- 
"tjure photographed at the Cape during the past six years the whole 
of the southern hemisphere from 20° of south declination to the 
south pole. 

The plates are being measured by Professor Kapteyn, of 
d^roningen, and I expect that in the course of a year the whole 
work containing all the stars to 9^ magnitude (between 200,000 
and 300,000 stars) in that region will be ready for publication. 
This work is essential as a prehminary step for the execution in 
the southern hemisphere of the great work inaugurated by the 
Astrophotographic Congress at Paris in 1887, the last details of 
which were settled at our meeting at Paris in April last. What 
we shall do with the new apparatus perhaps I may have the 
honour to describe to you some years hence, after the work has 
been done. David G-ill. 

[To be continued.] 



Spectrum of ^ Lyrce. 

[From Astr. Nachr. No. 3051.] 

The spectrum of the variable star /3 Lyrse is unlike that of any 
other star hitherto examined. With the aid of Mrs. M. Fleming 
and Miss A. C. Maury a careful study has been made of twlBnty- 
nine photographs of this object. These photographs form part of 
the Henry Draper Memorial. The images on four other plates 
were too indistinct to be used and were not included in the follow- 
ing discussion. The spectrum is traversed by broad dark bands 
due to hydrogen, and also by other lines characteristic of many stars 
in the constellation of Orion, and forming that division of the 
first type which is designated as B in the Draper Catalogue. But 
besides these several bright lines are visible which change their 
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positions. The most conspicuous of them have the approximate 
wave-lengths 486, 443, 434, 410, 403, and 389. The first, third, 
fourth, and sixth of these apparently coincide with the hydrogen- 
lines r, G, A, and a. The others are two of the most marked of 
the Orion lines. The bright lines sometimes have a slightly 
greater wave-length than the corresponding dark lines, so that 
the latter sometimes appear to have bright edges on the less re- 
frangible side, while at other times the reverse is the case. 

It is obviously desirable to trace any connection which may 
exist between these changes and the variations in the brightness 
of the star, the principal minima of which occur at regular intervals 
of about 12^ 22^. There are two maxima occurring at 3** 5*^ and 
9^ 16^ after the principal minimum, and an intermediate minimum 
following it 6^ 11**. Of the eleven plates in which the bright lines 
had a diminished wave-length it was found that all had been taken 
during the second half of the period of variation, that is, after the 
second minimum, and more than 6^ 11^ after the principal mini- 
mum. The fourteen plates taken during the first half of the 
period all showed an increase in wave-length of the bright lines, 
that is, the dp.rk lines appear bright on the side towards the red. 
There are, however, three exceptions, plates at 6^ 13^ 7** 12^, and 
at 11^ II** show an increased instead of a diminished wave-length. 
A re-examination of these three plates showed that the deviation 
of the lines was not very marked, and two other plates taken near 
the two minima showed a tendency of the lines to occupy an inter- 
mediate position, and sometimes apparently to fall on the dark lines 
so as to nearly disappear. 

Since the observations extend over more than four years, or 130 
periods of variation of the star, this latter period must coincide, or 
at least agree very closely, with the peiiod of change in the line^. 
It seems probable that they are due to the same cause. It should 
be noticed, however, that bright lines are not visible in the spectra 
of other variable stars of short period. The spectrum of S Mono- 
cerotis is of the Orion type, \^dth dark lines resembling those in 
the spectrum of /3 Lyrse ; f Geminorum, X Sagittarii, V Sagittarii, 
17 AquilaB, and c Cephei have spectra of the second type, and the 
spectrum of T Vulpeculae is intermediate between the first and 
second types. 

The actual changes in the spectra when studied in detail are 
much more complicated than has been stated above, and show a 
variety of intermediate phases, and changes in the dark as well as 
in the bright lines. In some of the photographs several of the 
bright lines appear to be double. Micrometric measures are now 
in progress, additional photographs are being taken, and a com- 
plete study of the whole will be made. 

The most natural explanation of the motion of the bright lines 
is that the object emitting them is revolving in a circular orbit 
having a period of 1 2^ 2 2^. The maximum velocity is approximately 
300 English miles (500 km.). The corresponding minimum value 
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of the radius of the circle would he about 50,000,000 miles. 
Perhaps this object is a close binary resembling p Aurigse, but 
with components having unlike spectra. The phenomena may 
also be due to a meteor stream, or to an object like our Sun re- 
volving in 12^ 22** and having a large protuberance extending over 
more than 180° in longitude. The occasional doubling of the lines 
would then be due to both ends of the protuberance being visible 
at the same time, one receding, the other approaching. The vari- 
ation in light may be caused by the visibility of a larger or smaller 
portion of this protuberance. 

Harvard College Observatory, EdwaBD C. PiOKEEING. 

Cambridge, Mass., 
1 891, June 29. 



Selenographical Notes. 

Maceobius. — ^This fine deep ring-plain is remarkable for its 
Tegularity of form and freedom from breaks in the continuity of 
its circular border, of which there are only two of any importance. 
One is due to the brilliant crater A on the crest of the eastern 
wall, and the other to the presence of a curious depression on the 
north. A resembles, though on a slightly larger scale, the bright 
ring on the north-east border of Julius Caesar. Both the latter 
and A are at least 4 miles in diameter and are similarly associated 
with the summit ridge of the circumvallation, of which they 
appear to be expansions, alike in width and brightness. The 
great depth (some 13,000 feet) of the floor of Macrobius below the 
border involves a considerable part of the interior in shadow, even 
when the morning Sun has attained an altitude of 8° and more. 
At about this stage of illumination, however, the best view is 
obtained of the wall and its surroundings and especially of the 
details of the eastern border. The steep crest of this is very 
narrow and uniform and contrasts strongly in briUiancy with the 
slope beneath it. It evidently stands at a high angle with the 
horizontal, perhaps 50° or more, while the latter runs down to 
the floor at a much more moderate and a constantly decreasing 
inclination. There is a well-marked valley separating this upper 
ridge from the remainder of the inner slope, which may be readily 
traced under morning light in the form of a dark streak running 
concentrically with the border from the north side of the crater A 
round the eastern and north-eastern quarter of the ring up to the 
place on the north where the depression, just referred to, causes an 
apparent interruption in the continuity of the wall. This terrace, 
if it may be so termed, appears again on the south side of the 
break and may be followed under an evening Sun under the crest 
of the western wall up to the extreme southern end of the form- 
ation. .The south-eastern section of the border appears to be 
devoid of terraces, though both this and the inner slope generally 
has a streaky aspept which is probably due to concentric depressions 
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much shallower and narrower than that immediately beneath the 
summit ridge. 

Schmidt shows two minute craters on the site of the gap in the 
northern wall, Madler a curved ridge connected with a triangular- 
shaped plateau abutting on the edge of the formation, and Neison 
Madler's curved ridge and plateau, with a semicircular depression 
upon it outside the wall, and a short ridge, hard by, on the floor. 
None of these representations agree with what may be observed 
when the W. long, of the morning terminator is about 28° and under 
other suitable conditions of illumination. At 9^ on May 12, this 
year, with a power of 350 on my 8^-in. Calver-Eeflector, the gap 
was occupied by a dusky circular ring, nearly double the diameter 
of Macrobius A, enclosing a heart-shaped depression filled with 
black shadow. The ring projects for some distance on the floor 
and the inner slope of the north wall abuts on its eastern flank. 
On the west it is connected with a broad ridge which runs west- 
wards towards the mountain promontory terminating in a peak 
marked /3 in Madler's map. This depression is well worth exami- 
nation. It seems to be due to a landslip or collapse of the border — 
a not unlikely occurrence in a neighbourhood which exhibits many 
indications of surface disturbance in the form of remarkable 
crumplings and foldings. 

There is a distinct cleft running some little distance on th^ 
west of Macrobius. It is traceable from the foot of the north-east 
wall of Macrobius C to a point about midway between the peak 3 
and the north-west wall of Macrobius, terminating on the south 
side of the broad ridge just mentioned (Schmidt alone shows it). 
It gradually widens as it proceeds northwards and ultimately 
assumes the character of a narrow deep valley. A row of 8 or 
more shallow depressions, which is not shown in the maps, figures 
on the outer slope of the west wall o£ Macrobius and follows its 
curvature. Schmidt draws a group of 5 or 6 minute hills in the 
central part of the dark floor. These appear to stand on a large 
circular mound of no great altitude, which is, however, prominent 
for some time after sunrise. 

Macrobius C, the large ring-plain on the west, is separated from 
Macrobius by a valley of not more than 8 miles in breadth, through 
part of which runs the cleft. There is a wide break in the 
northern wall of this formation, partly occupied by two large 
craters, side by side, the more westerly being of the normal type 
and the companion very irregular in shape, with a narrow valley 
traversing its border and extending beyond its limits on the 
north. The west side of the interior is occupied by a low wide 
bank which impresses one with the notion that it resulted from 
the inflow of some semi-fluid material through the gap in the 
north wall. The floor of C is slightly lighter in tone than that of 
Macrobius, and has no central mountain or other details, except 
the mound flanking the western wall. 

Beaumont House, Shakespeare Eoad, Thos. Q-WTN El&EB. 

Bedford, 1891, Sept. 19. 
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CORRESPONDENCE. 

To the Editors of ' The Observatory.' 

Madras Observations of Biela's Comet in 1805. 

Gentlemen, — 

The second observed return of this remarkable and now 
defunct periodical comet took place in 1805, when it was first seen 
"by Pons at Marseilles. The probability that it was the same comet 
'which had been discovered byMontaigue at Limoges, in 1772, was 
recognized in 1805, but it was then thought that the period was 
about thirty-three years, instead of a fifth part of that duration, 
as it was ascertained to be on the occasion of its return in 1826, 
when it obtained the name of Biela*s comet. 

It has been generally supposed that all the observations obtained 
at the appearance in 1805 were made in Europe. It approached 
the Earth on this occasion within the distance of less than five 
miQions of miles, being nearest to us on December 9. So rapid 
was its southerly motion early in that month, that it would have 
been best seen in the southern hemisphere ; but that half of the 
world did not yet possess any observatory, and was only visited by 
astronomers when some special purpose was in view. The East 
India Company had, however, for some years had an observatory 
at Madras (the same establishment which is now in want of a 
head, as it also was, by a remarkable coincidence, the last year 
that the British Association was presided over by an astronomer — 
Lord Wrottesley in i860). Its Director, at the time to which we 
refer, was Mr. Goldingham, but the acting astronomer was Capt. 
Warren, who was himself also absent in the early part of December 
1805. But Lieut. William Morison, of the Madras Artillery, was 
then at the Observatory, and has left a record of the appearance 
of the comet, with rough notes of its position by its places amongst 
the stars, in the constellations Grus and Toucana, on the nights of 
December 10 and 11. These are to be found in a manuscript 
volume of Madras observations (astronomical and meteorological, 
in the years 1804, 1805, and 1806), which, though evidently a fair 
copy, has never, 1 believe, been printed. It is now in the library 
of the Royal Astronomical Society, and I am obliged to Mr. D. 
Packer for calling my attention (in the absence of Mr. Wesley) 
to it. 

Lieut. Morison heads his paper " Remarks on a Luminous Body 
observed on the loth of December 1805, in the constellation of 
the Crane." He was much struck with its appearance, which he 
says " would have answered to the description of a Comet whose 
tail was turned towards or from the earth ; " but he considered it 
unlikely that it was really a body of that nature, on account of the 
tremendous rapidity of its apparent motion in the sky. It was 
easily visible to the naked eye, being in fact, according to Lieut. 
Morison, comparable in brightness to a star of the fourth magnitude. 
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His description agrees with that of Olbers, who had observed the 
comet at Bremen the night before (December 9) and says (' Ber- 
liner Astronomisches Jahrbuch' for 1809, p. 136) that it was 
" sehr schon zu sehen, und blieb noch selbst nach dem Aufgange 
des Mondes dem blossen Auge sichtbar/' 

I cannot understand why these early Madras Observations have 
never been published, as they have every appearance of having 
been intended for publication. Perhaps it may be deserving of 
mention that, although no observation of this comet is recorded in 
the Greenwich Observations for that year, yet the volume of the 
' Berliner Jahrbuch ' just referred to does give an observation made 
at the Eoyal Observatory by Mr. Firmayer, of whom, I believe, 
nothing more is known; this observation is duly included in Carl's 
list in his well-known and useful " Eepertorium der Cometen- 
Astronomie." Yours faithfully, 

Blaokheath, 1891, Sept. 3. W. T. LtioT. 

P.S. (Sept. 9). — Since writing the above. Dr. Dreyer has called 
my attention to a paper by Dr. Winnecke in the 15 th Jahrgang 
(1880, p. 372) of the * Vierteljahrsschrift der Astronomischen 
Gesellschaft,' in which an account is given of some observations 
of Biela's Comet in 1805 made by MM. Malavois and Dupeloux 
in the Isle of France (Mauritius). Those of M. Malavois were 
made with a sextant on the 14th of December. The following is 
his description of the comet's appearance, which is very interesting 
when read in the light of its subsequent history : — 

" Cette comote est photospherique, c.-a-d. entouree d'une sphere 
lumineuse dont le diametre m'a semble ^tre en totalite d'euviron 
45 minutes ; mais la partie la plus lumineuse ou Tauroole vue au 
commencement du crepuscule du soir n'etait gueres que de 20 a 
'25 minutes ; on la distinguoit alors tres bien, tandis qu'a peine on 
pouvoit apercevoir les etoiles de 7™® grandeur. La comote vue 
avec une lunette qui grossit seize fois le diametre des objets m'a 
paru divisee en deux par une petite bande obscure ; j'ai juge son 
diametre apparent d'environ une minute, mais les bords m'ont 
semble confusement termines et se fondre avec la lumiere ndbu- 
leuse ; une etoile de 4® a 5^^ grandeur que je distinguois tres bien 
dans Taureole a 4 ou 5 minutes de la comote, s'est trouvee dans 
une position et une distance differente par rapport a cet astre 
dont le mouvement propre etait en effet considerable, comme on 
va la voir." 

With regard to the expression that the comet appeared to 
M. Malavois to be divided into two by a small dark band. 
Dr. Winnecke asks whether we may find in this " einen Anfang 
der Vorgange, die 7a\ dem hochst raerkwiirdigen Umstande Anlass 
gaben, dass 1846 und 1852 statt eines Cometen deren zwei be- 
obachtet wurden, und dass man spater den Cometen iiberhaupt, 
ais solchen wenigstens, nicht wieder geschen hat ? " 

M. Malavois states that from four days before his observation 
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(t, e, on the loth of December) MM. Laprie and Dabadie, the one 
censor, the other professor at the colonial Lyceum, had noticed 
the comet (" un astre ayant Tapparence d'une belle 6toile nebu- 
leuse "), and that it rapidly traversed, in a direction nearly from 
north to south, the space between the constellations Q-rus and 
Pavo. W. T. L. 

Sir William Lower's Observations of Halley's Comet 

in 1607. 
Gentlemen, — 

There seems to exist much misconception with regard to 
the observations of this comet in 1607 by Harriot and Lower, pro- 
bably in great part due to the mistakes made by Baron von Zach 
in deciphering the manuscripts which he discovered in 1784 and 
published an account of them in the ' Berliner Astronomisches 
Jahrbuch'for 1788, besides other later papers respecting them 
in the * Monathche Correspondenz,' &c. Prof. Eigaud gives a 
corrected version of the observations in the Appendix to his classic 
'Miscellaneous Works and Correspondence of the Eev. James 
Bradley.' That work appeared in 1832 ; but it is as well to men- 
tion that Rigaud published a Supplement to it in the following 
year, which is bound up with it in the E.A.8. copy, but is appa- 
rently not in the library of the British Museum. 

In the life of Harriot in the * Dictionary of National Biography ' 
we read : — " He first saw the comet of 1607 (Halley's) from Ilfra- 
combe on 17 Sept. His observations upon it were made with a 
'cross-staff,' giving the distances of the nucleus from various 
stars.'* 

Now it happens that the whole of Harriot's observations of this 
comet were made at Sion House, near Isleworth, where he was 
allowed a residence by his patron the Duke of Northumberland. 
(One of von Zach's numerous mistakes is that Harriot observed 
at Sion College, which was not built until several years after his 
death.) The first was on the 21st of September; the last on the 
13th of October, when the tail was *' obscurissima." 

The observations of the same comet made ofE the coast of 
Devonshire and in Carmarthenshire were by Sir William Lower, 
who sent an account of them, in a letter dated Sept. 30, " to 
his especiall good friend Mr. Thomas Harriotte att Sion neere 
London." He first saw it, he says, at Illford combe (the old name 
of llfracombe) ; but it appears, by the later account in the letter, 
that ** at " means " off " that place, after he had embarked in a 
ship for Wales, when about midnight he perceived the comet. 
Crossing over the Bristol Channel to Kidwelly (a place the men- 
tion of which von Zach overlooked and fancied the subsequent 
observations were made in Devonshire) he observed the comet 
again ; and at a place called Traventi *, on Mount Martin, near 

* In the Appendix to Bigaud's ' Bradley * this is called Irakenti ; but in 
the Supplement we are told that the correct reading of the MS. is certainly 
Tnyenti. 



348 Correspondence, [No. 180. 

that town (where he appears to have possessed an estate through 
his wife), he made observations, with a cross-staff sent down for 
the purpose of measuring land, from the 22 nd of September to 
the 6th of October, including every night in the interval ex- 
cepting four when the sky was cloudy and one when he " was 
a gossipinge." 

Of 8ir William Lower not much is known. I was led to these 
remarks by a letter of inquiry from Mr. Arthur Mec, F.R.A.S., of 
Llanelly, Carmarthenshire, who asked information respecting this 
astronomer who observed in that county. Finding, however, 
that he was really a Cornishman, I wrote to Mr. Dunkin, who 
tells me, in a letter dated Sept. 16 : — 

"The Lower family were settled chiefly in the parishes of 
Landulph and »St. Winnow in Cornwall. The Sir William Lower 
who corresponded with Harriot is mentioned in the ' Bibliotheca 
Cornubiensis ' and E. H. W. Dunkin's ' Monumental Brasses of 
Cornwall.' He was the eldest son of Thomas Lower of St. Win- 
now and Jane his wife, one of the four daughters and co-heirs of 
William E/Cskymer." Mr. Dunkin then quotes from his son's 
book : — ** William Lower of Traventy, co. Carmarthen, returned 
M.P. for Bodmin on Sept. 27, 1601, knighted at Theobalds on 
May 7, 1603, and married to Penelope, daughter and heir of Sir 
Thomas Perrott, Kt., and niece of William, Lord Knollys, of Q-rays. 
He died intestate on April 12, 16 15, and on May 17 following an 
administration grant was taken out by his widow, who afterwards 
married Sir Eobert Naunton, Kt., Secretary of State to James I." 

I may add that the Sir William Lower — who supported the 
royal cause in the early part of the Civil War and afterwards took 
refuge in Holland, where he wrote a number of dramatic poems 
which acquired little fame — was the nephew of the astronomer 
who corresponded with Harriot. He died in 1662. 

Tours faithfully, 

Blackheath, 1891, Sept. 18. W. T. Lynn. 

Berne Time and the ^ Nautical Almanac,' 

Gentlemen, — 

It is generally understood, I believe, that Dr. Hind will, 
before long, vacate the post of Superintendent of the ' Nautical 
Almanac' Captain Noble's letter in your number of the present 
month seems therefore to be somewhat needlessly strong in its 
sneer at his shortcomings. But in the present case it is, I venture 
to think, undeserved. 

Evidently some selection must be made of Observatories to be 
included in the National Epheraeris. Even so long a list as that 
in the * Berliner Jahrbuch ' might not include all of which some one 
might want to refer to, and I do not find from the list by Mr. Lan- 
caster that the Observatory at Berne publishes any series of 
observations, and its work may well have escaped the notice of the 
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Superintendent. That its time is generally used in Switzeriand is 
hardly a claim to be entered among working astronomical obser- 
vatories, for astronomers generally give their dates in Local Time. 

No doubt the list of observatories in the ' Nautical Almanac ' 
wants, like many other things in it, revision ; and that this may be 
satisfactory there should be a Committee or Board to receive and 
decide on suggestions. It is hardly fair to leave the Superinten- 
dent to bear the whole burthen however eminent he may be ; and 
an official whose acts are commented on in the spirit of Capt. 
Noble's letter soon becomes, if he be not naturally, pachydermatous 
and ultra conservative, at all events it is to be hoped that he ceases 
to care. 

G-entlemen who want the positions of the less known observa- 
tories would do well to get the lists published at Brussels from 
time to time by Mr. Lancaster. 

II CUfton G^a^den8, ^o^rs faithfully, 

Maida Hill, W., J. F. Tbnnant. 

1S91, Sept. 

Bei^e Time. 

Gentlemen, — 

With reference to the above, I am in receipt of *' Liste 
Generale des Observatoires et des Astronomes, des Societes et des 
Eevues Astronomiques," by A. Lancaster, Brussels, which gives 
the longitude of Berne at o^ 29" 45*-66 E. 

Tours truly, 

T. W. Backhouse. 



Jupiter's Satellites. 
Gentlemen, — 

Permit me to supply the following supplement to the 
Table which was printed at p. 321 of No. 167 of the ' Obser- 
vatory,' subject to a correction noted at p. 392 of No. 169. The 
supplement will be especially useful in dealing with the case where 
a satellite is near its elongation. The satellites are supposed to 
move uniformly in circular orbits at their mean distances from the 
planet, in which case the times corresponding to the tabular dis- 
tances as seen from the Sun are the same as for those seen from 
the Earth when Jupiter is in quadrature. If greater accuracy is 
required, the numbers in the table of any satellite should be altered 
in the proportion of half the mean synodic period to the ' Nautical 
Almanac ' interval between successive conjunctions. Very great 
advantages may be expected to be derived from the method of 
measurement of the positions of Jupiter's satellites relatively to 
each other, now being adopted at Tale Observatory and perhaps 
elsewhere. Faithfully yours, 

Muraton Eecfcory, Sittingbourae, A. Fbeeman. 

189 1, Sept. 15. 
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ScppLHUENTAEt I'Adi-E ot the meftn Bjnodiu motions o£ Jupifi 
Satellites, iwm conjunction with the planet, aa seen from the 
Sun. The distances are given in terms of the equatorial 
radius of Jupiter, and are measured paraOel to bis equatoi 
and peqjeudieular to the hehocentric radius. 
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Thlal Solar Eclipse, April 16, 1893, 



The eclipse observers have certainly read with great in- 
terest Mr. Cruls' letter in the last number of the * Observatory,' 
It appears from this letter that the weather is usually very bad in 
April on the coast of Brazil, and that therefore the chances of 
observing the total eclipsy of 1893 from the province of Ceara are 
very sradl. 

1 have myself made inquiries as to the climate of Ceara during 
recent years, and am convinced that the prospect of ohseriing the 
eclipse from Brazil ia almost hopeless. 

Mr. Boris, the I'rench agent in Fortaleza, baa kindly sent me a 
detailed lint of the rainy days in Ceara during the last six years. 
The following is a remmi of this list, with the addition «' 
Mr. Cruls' information : — 

April 1885, 25 rainy days and o'^6i7 rainfall. 
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Mr. Boris adds that, although the month of April is the most 
rainy, it happens sometimes that after a severe rain the weather 
clears up and remains uncloudy for several days. 

Fortadeza, the chief town of the province of Ceara, is within 
the zone of totality, but too far off from the central line to be a 
good station. However, it would be easy to get by sea to Para 
Curu, which lies nearly exactly on the line of totality and where 
there is an excellent port sheltered from the south-east winds. 
With a little more trouble it would be possible to set up the in- 
struments on some high point in the interior, for instance in the 
little town of San Cruz or even on the Sierra do Machado, at 
600 metres above the sea-level. 

Following the line of totality across the Atlantic, we see that it 
meets the African coast between Dakar and Bathurst. A little 
factory, named Joal on the Admiralty chart, lies at about 20 kilo- 
metres from the central line, and would be a good station. It 
could easily be reached from Dakar by a special steamer. April is 
the best time of the year in these parts, and, contrary to wh^it is 
to be expected in Brazil, the observers may count upon clear 
weather in Senegal. Not a single rainy day has been recorded 
here in April; and the heat is quite tolerable, the mean tem- 
perature being 2o°'8 C. tMoreover, the African coast can be 
reached in a few days, and the whole expedition need only occupy 
five weeks, including a clear fortnight for fitting up the instru- 
ments before the phenomenon. 

It is true that the astronomical conditions are best in Brazil, 

"the Sun's altitude being 75° and the totality lasting 4™ 42'. But 

on the west coast of Africa the difference is slighter — the Sun is 

54° high and the duration is 4" 13*, The loss of 29 seconds of 

"totality is amply counteracted by the chances of clear weather. 

I think, therefore, that European astronomers would be wise in 
selecting their stations on the coast of Senegal, where they will 
find, from the Erench government, all the help they require. 

It is to be hoped that the long duration of totality will be 
advantageously employed and that astronomers will make the 
most of this eclipse, as it will not be until 1896 that another oppor- 
tunity of observing such a phenomenon will occur. 

If different nations intend to send out expeditions in 1893, it 
would be desirable that there should be a general agreement 
between the observers in order to avoid duplicate work being done. 
In recent eclipses many observers worked exactly on the same lines, 
thus wasting the precious moments of totahty. 

An international convention would prove useful in furnishing 
a general discussion of the results obtained in the last expeditions 
and in preparing new plans of action. 

The Solar Physics Committee seems to be the most efficient 
agency for taking in hand the initiative of such a kind of interna- 
tional congress. Yours truly, 
Paris, 1891, Sept. 18. Ctb. db LA Battme Plttvinel. 

[It is to be hoped that by the time of this eclipse the political 
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condition of Chili will be so far settled as to allow the Director of 
the Observatory at Santiago to make good use of his opportunities. 
The central line passes only 200 miles N. of his observatory ; and 
the wide interval separating him from the probable location of 
other observers, as indicated by the interesting letter of our cor- 
respondent, suggests that the present is again a suitable oppor- 
tunity for detecting possible changes in the corona. We fear that 
the idea of an international conference is not very practicable ; but 
meanwhile we would remind our readers that the Eclipse Com- 
mittee of the Eoyal Astronomical Society was constituted with the 
avowed object of being a centre of information to intending 
observers. — Ens.] 



OBSERVATORIES. 

The following notes on the work of some foreign observatories 
during the year 1890 have been abridged from the ' Vierteljahr- 
schrift der Astronomischen G-esellschaft,' similarly to those in 
Nos. 166, 154, 126, &c. 

Basel. Di\ Rigfjenhach. — This observatory is for the use of 
students in the University. No regular work is done. 

Bbblin. W, Foerster, — No important change has occurred in 
the stafE or instrumental equipment. Dr. Kiistner obtained with 
the large transit 3454 observations in R.A., and 3070 in Dec. 
Besides working ofi the Pulkowa list of stars, a large inroad has been 
made in a list of some 600 stars, for Dr. Auwers, in zone -f 15° to 
+ 20°. The proximity of heavy machinery appears to have an in- 
creasing effect on the observations made with the large transit. 
The stars have a rapid oscillation, and appear double wdth an appa- 
rent distance of some 2" or 3". That this is due to a trembling 
of the instrument as a whole is shown by the vibration of the 
circle-dinsion under the microscope. The disturbance may pos- 
sibly arise from the new plant at the works of Messrs. Siemens 
and Halske some 200 metres distant. 

Dr. Knorre, with the 9-inch equatorial, has determined some 
700 star-places, has made 310 estimates of magnitude, and has 
obtained a few observations of comets, small planets, and double 
stars. All the reductions are in a satisfactory state. The time- 
service has been carried on as usual. 

BoxN. DeichmUUer, — Dr. Schonfeld, the former Director, died 
on May i . The principal work of the observatory has been the 
completion of the zone {-40^ to -|-5o , which has been in hand 
since 1878. The tirst 22 catalogue- sheets (o** to 21*^) contain 
16,01 1 stare, each of which has been observed 2 or 3 times. Various 
iiatronomical calculations. Meteorological observations. 

Breslau. J. O. OalU, — Usual routine work, chiefly meteoro- 
logical. 
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Bbussbls. F. Folic, — A combination of particularly unfayour- 
able circumstances has influenced the progress of astronomical 
work. One assistant has resigned, and another has had to be trans- 
ferred to the physical department in consequence of weak health ; 
the sky has been clouded for the greater part of the year ; and 
finally there has been the removal of the observatory to Uccle. The 
meridian work has sufEered most, but the transit is now in working 
order. M. Niesten with the 38-centimetre equatorial has prose- 
cuted his observations on the physical aspect of Mercury, Venus, 
Mars, and Jupiter. 'He has also regularly observed the phenomena 
of Jupiter's satellites, and occultations of stars by the Moon, 
besides making a few double-star measures. 

Since the death of M. Eievez the spectroscope has been in charge 
of M. Spee. 

Liege. M, Folie, — ^This observatory is attached to the Brussels 
observatory, and the observations are published in the Brussels 
volume. At present the meridian circle is dismounted and is with 
Messrs. T. Cooke and Sons. Attention seems to be given to 
observations of stars near the Pole with the transit, and of comets, 
small planets, and variable stars with the equatorial. 

Debsden. Dr, B. von Engelhardt — 12-in. Q-rubb equatorial. 
Observations of Comets Brooks 1889 V. ; Brooks 1890 11. ; Coggia 
1890; Denning 1890 VI. ; Zona 1890 IV. ; Spitaler 1890 V. 

DirssELDOKF. E, Luther. — With the 7-inch, 29 observations of 
1 5 small planets were made. Calculations of ephemerides. 

Q-ENEVB. R, Gautier. — The lo-inch equatorial has been 
utilized in making 23 observations of Comet Brooks 1890 II., 2 of 
!Zona 1890 IV., and i of Denning 1890 VI. A small equatorial 
has been used by M. Emile Gautier for spectroscopic work on the 
Sun. Meteorological work. 1520 pocket-chronometers and 
watches have passed the observatory in 1890. This is treble the 
number in any previous year. 

GoTTiNGEN. W. Schur. — The 6-inch heliometer has been in 
regular use for two years. Observations of Victoria, Sappho, and 
comparison stars for Dr. Gill. Triangulation of Praesepe com- 
pleted. Twelve observations of Comet Brooks 1890 II. Some 
double-star measures. Parallax observations of 70 Ophiuchi. 

GoTHA. Harzer. — Observations for proper motion. Published 
in the * Astronomische Nachrichten.' 

Gbignon. M, Lamey, — With respect to the drawings made of 
Mars, M. Lamey remarks that there are enormous differences be- 
tween his own and those made by his assistant M. Demoulin ; but 
each observer's pictures agree inter se, A considerable number of 
drawings of Jupiter, and 9 of Saturn. 

Hambtjbg. Eumker,^— With the transit a number of observa- 
tions were made of comparison stars for comets and small planets. 
Equatorial observations of comets and the fainter asteroids. Chro- 
nometer work for the German navy. Time-service. 

TOL. ZXV. 2 1) 
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Heidblbbbq, Max Wolf. — Fossesseaa 162-mm. equatorial aadV 
a large number of emaller instruments and photograpbo objectiveBi 1 
HeBearches on errors of photographic objectivea. PhotomelrieJ 
pbotographic re-Bearches on atar-dusters. Coloured stars. DrawJ 
,pig9 of lunar craters. Time-service. j 

HBEfiNT. Butjen V. Qoiliard. — Influenza unfortunately occupiaiB 
the Astronomer's time. 48 photographs were taken during tbf 
solar eclipse of June 16. 

Jena. Stutpf, — This observatory was founded in 1812 by thai 
Grand Duke of Saxe- Weimar. ObBervations o'f comets, occultatioiiJ 
of stars by the Moon, phenomena of Jupiter's satelhtes. It is also] 
a meteorological station. 

KAixwai.— /. Fhiyi,S. J. — Solar wort. The Sun was observe^ 
on 174 days, on 67 of which it was free from spots. 

Kiel, Kma/er.-^^" Centralgtelle fiir Astronomische Telft„ 
gramme." Steiiiheil refractor 216 mm. Observations of newljy 
discovered comets and small planets. Meteorological work. Com 
putation of ephemerides. 

K-ONiGSBBHo. C. W. F. Peterg. — Meridian observations of stnvg 
83° and 84° north dec, of comparison stars, &c. The heliometa 
Was used for double-star measures ; Comets Brooks 1890 II. i 
Zona 1890 IV., and observations for parallai. LuiBu" wori^ 
Meteorology. 

KaBMaMtNSTEE. Ool. IFiiy«er.— Eing-microineter on a 6-int il 
equatorial. Comets Brooks 1890 IL, Coggia 1890 III., Dennin^H 
1890 VI., and Zona iSgo IV. It'ebulre. The Sun was observed 00 * 
aao days, on 147 of which there were no spots. Magnetic and'] 
meteorological work. 

Leipzig. H. Brum. — The observations of Victoria, Sappho, 
and comparison stars have been reduced, and the results forw^4ed 
to Dr. Auwers. Zone work +5° to + 10°, and also +10° to +15°. 
Parallax of stars having large proper motions — Arg. Oeltz. J0603; 
fi Come; Lalande 27298; Br. 3077; ^ Cassiopeiie ; and 3l| 
Aquilas. Triangulation of trapezium in Orion nebula. 

LuBD. MolUr. — Of the stars in the zone +35° to +40' 
24334 observations have been made, and of these Z1136 have b 
reduced to mean equinox i875'o. The pubhcation, interrupted 1) 
the transfer of Dr. Duuer to Upsala, will now go on, so that tl 
third volume will shortly be out. 

MiLAK. &ehiapardU. — 57s measures of double stars were n 
with the 18-inch refractor. 219 with the 9-inch. IjODgitu| 
work. Meteorology. Time-service. 

Mdhioh. SeeHger, — io|-inch refractor. Micrometric measure*'.^ 
of Saturn's system ; observations of comparison stars for Oomd I 
1889 v.; a few double-star measures; Comets Borelly 1890 L; I 
Brooks i8go II, ; Denning 1890 ; d'Arrest i8go ; Zona 1890 IV. 4 
These are reduced and published in the Ast. Naoh. DifEerenlM' § 
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measures of the cluster 384 Persei will appear shortly. Longi- 
tude work. 

O'G-TALLA (Ungaen). KonJcoly. — The principal work of the 
observatory is on the solar surface. Of the 205 days when obser- 
vations were made, the Sun was free from spots on 128 days. 
Spectroscopic work. Observation of meteors in conjunction with 
Pressburg. 

Potsdam. Vogel. — Spectroscopic work on close doubles, &c. 
Solar photographs. On 125 days out of 281 the Sun was free 
from spots. Stellar photography. Photometric work. Meteorology. 

Peague (University). WeineJc, — Lunar drawings with a 6-inch 
refractor and lunar work generally. Estimations of altitude in 
conjunction vrith Berlin and Potsdam. Phenomena of Jupiter's 
satellites. Time-service. Magnetic and meteorological work. 

Peagub. Safarik, — Work on Mars, Jupiter, Uranus, and 
Neptune. Prof. Safarik made 1461 estimations of brightness 
of 123 variable stars. 

Stbassbueg. E, Becker, — Observations of Comets 1890 II., 
tn., IV., v., VI., and comparison stars. Meridian observations 
of the Sun, Moon, Mercury, Venus, and zone-stars. A series of 
Eiiltitude-eetimations with pairs of stars on 23 evenings. 

Upsala. Br. Buner. — Variable stars. Experimental work in 
stellar photography. 

ZuEiCH. R.Wolff, — Sun-spot observation. 298 observing days 
and the Sun was free from spots on 150 of these. 

Columbia (Missoxtei). Updegraff, — The director's time is largely 
occupied in the mathematical and astronomical classes of the 
"University. There is a small transit, a 7^ -inch refractor, a spec- 
troscope, and a 2|-inch altazimuth. Mr. UpdegrafE hopes soon to 
get into some regular work. 

Haveefobd College. Leavenworth. — Work on stellar parallax. 
Already 143 observations of S 634, 2777, 2877, 3008, 3127, and 
South 403 have been made. Sun-spot observations on 266 days. 

BiEE Castle. — Lord Rosse's assistant, Dr. Otto Boeddicker, 
has published * the observations made during the total lunar eclipse 
of 1888, January 28, on Lunar Radiant Heat. There is an 
interesting introduction by Lord Eosse, of which we venture to 
reproduce the substance. 

" Some years ago it was suggested that it would be desirable to 
turn the large Reflectors at Parsons town, armed with the thermo- 
pile, upon the Moon, with the view of detecting, and, if possible, 
measuring its radiant heat. Several attempts to do so had been 
made elsewhere, but without encouraging results. Melloni had 
employed a lens of three feet aperture of imperfect quality, but 
sufficiently good for the purpose. Owing, however, to the large 

* Trans. Eoy. Dubl. See. n. a. vol. iv. part ix. 
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absorption of heat by glass he obtained no very certain indications ; 
his pile could not have received any of the less refrangible heat- 
rays through the glass, but it appeared quite possible that with a 
speculum of equal aperture far more decided and really interesting 
and instructive results might be arrived at." 

After some early experiments, two thermopiles, with concave 
reflectors, were placed in the focus of the three-foot telescope, and 
the Moon's image turned alternately upon each pile. 

"The needle was at all times more or less, and often very 
unsteady, though by taking means of a long series of alternate 
readings it was found possible, not only to demonstrate the 
existence of a very appreciable amount of radiation, but even 
roughly to estimate its variation with the phase and form, a curve 
generally representing that variation. The results were published 
in the Proceedings of the Eoyal Society, No. 112, 1869." 

As the next step Lord Rosse was " able by the interposition of 
a sheet of glass to show that the Moon's heat differed materially 
from the Sun's in that it contained a much larger proportion of 
rays of low refrangibility. From the ^ery rapid diminution of the 
heat towards New Moon it was probable that at that phase the 
remaining heat would be scarcely, if at all, appreciable ; and from 
these two facts I concluded that the heat which I had been 
attempting to measure was heat received by the Moon from the 
Sun, but only re-radiated af t«r part of it had been absorbed by the 
lunar surface, and then emitted as dark rays of heat. At the same 
time, so far as could be gathered from these rough determinations 
the maximum of heat did not take place as might, perhaps, have 
been expected to an appreciable degree after the maximum of light, 
that is after Full Moon. Some rough determinations of the pro- 
portion between lunar -and solar radiation were also made." 

Dr. Copeland, on being appointed assistant at Birr Castle, 
carried on and extended these researches and found that " from 
some unexplained cause the maximum of heat seemed to occur 
somewhat before Full Moon.'' 

" The striking result having been arrived at that the maximum of 
heat did not lag behind Full Moon, it appeared desirable to pro- 
ceed a step further, and as a more rigid test to try how far the 
minimum of heat, which presumably existed during the progress 
of a lunar ei^lipse, coincided with, or came later than, the middle of 
that eclipse.** 

The tir^st results of importance were obtained on 1884, October 4. 
" Pr. Boeddicker was on the spot with the apparatus in position 
from the commencement of the penumbra until forty minutes 
after the last contact with the penumbra. Clouds intervened 
until twenty-three minutes before totality, when the sky became 
port'eotly clear, and ivmained so until the end of the observations. 
The heat as In^foiv diminished, and increased again nearly pro- 
|K)rtionally to tlu* light, bei*oming inappreciable on reaching the 
limits of totality. The minimum of heat apparently fell later than 
tha\ of illumination. But the nu\<*t remarkable thing was that 
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while during the short interval between the first contact with the 
penumbra and the commencement of total phase all appreciable 
radiation vanished, between the end of total phase and the last 
contact with the penumbra, and even forty minutes later, the heat 
had not returned to the standard for Eull Moon, being deficient 
by about twelve per cent. This we failed to explain, where we 
might expect to do so, by any derangement of the apparatus, nor 
could we trace it to any physical cause. The above observations 
were published in these Transactions for 1885 (vol. iii., series 2). 

" The next opportunity, an exceptionally favourable one, occurred 
on January 28, 1888. The sky was not obscured at all during the 
whole progress of the eclipse, and the same anomaly of the heat 
not returning to its standard value, even i hour 40 minutes after 
the last contact with the penumbra, was observed. Also the 
radiation which we began to measure i hour 5 miuutes before the 
first contact with the penumbra seemed to begin to decrease 
almost immediately ; and even if the first observation be excluded, 
yet the decrease of heat seemed to begin as early as 15 minutes 
before the commencement of the eclipse. These results would 
appear to be particularly interesting as suggesting a terrestrial 
atmosphere much more extensive than it has generally been sup- 
posed to be which intercepts the Sun's rays of heat long^ before 
any part of the Moon has reached the Earth's shadow. We would 
much desire another opportunity for attacking the subject. As, 
however,' it is exceedingly unlikely that the possibility of mea- 
suring the heat during an eclipse under similarly favourable 
meteorological conditions will soon recur here, and as it does not 
seem profitable to spend more time in getting a slightly more 
accurate phase-curve, it seems desirable that the present commu- 
nication should close the series. If we pursue the subject of 
radiant heat further, it will be by making a new departure with 
apparatus modified so as, if possible, to combine greater sensibihty 
with greater freedom from extraneous influences, varying also the 
methods, and extending the subjects and objects of investigation. 

"Dr. Boeddicker has devoted a great amount of time and labour 
to the fullest reductions, and to the formation of the theoretical 
curve for the Moon's light, possibly more than was justified by the 
probable errors of the observations ; but as the occasion was quite 
an exceptional one, it appeared best to leave nothing undone to 
get the utmost out of the night's work." 



PUBLICATIONS. 

The Draper Catalogue of Stellar Spectra. — Volume xxvii of 
the Harvard Annals is a new departure in astronomical literature. 
It is a catalogue of the photographic spectra of more than ten thou- 
sand stars. Hitherto catalogues have been made of the positions 
or magnitudes of stars, or of the positions and geometrical charac- 
teristics of nebulsB : but a general index to the physical nature of 
ten thousand objects is a novelty of the first importance and cannot 
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wuli fail of its avowed olijeet, " to perpetuitte the iituiie of Dr. Drap( 
by a research in the branch of science to which he deroted the ' 
years of his life." 

In explanation of the actual accomplishment of what a few jet 
back would hardly have been dreamed of, Prof. Pickering points 
two causes as having greatly increased the number of stars whose 
spectra can now be studied photographically. The first is the in- 
vmitiot) of the dry plate ; and it will take us a long time to realise 
all that we owe to the inventor. The second will appear to mai^ 
of a curiously different order of importance-—" the substitution, iae 
a slit spectroscope, of a prism placed over the objective, thus saving 
a great portion of the light." Perhaps, however, it is our present 
familiarity with this method which causes surprise that it should, i 
be ranked as a distinct and recent step in advance ; and Prof. Pick-i' ( 
ering doubtless has good reason for the remark. 

The photographs were taken with an 8-inch Voigtliinder lens, 
before whicli was fastened a prism 8 in. square with a refracting 
angle of 13°, The edge was perpendicular to the Earth's asis, so 
as to disperse the light in declination, the length of the spectrum 
bein^ about a centimetre ; and the star being allowed to trail slightly 
gave the requisite width of a millimetre to the spectrom. Each 
plale covered 10° square, and the spectra of aJl stars to the sixth 
magnitude were photographed. These were divided into classes, 
much more numerous than those in ordinary use on any other ays- . 
tern, and lettt'red accordingly. The letters A, B, C, D indicate J 
varieties of the first type ; E to L varieties of the second type ; M ' 
the third type ; N the fourth type ; and 0, P, Q, spectra which do 
not resemble any of the preceding types. AU forms of spectra ex- 
cept A, E, and H require further explanation, which is accordingly 
g^ven in the remarks following Table U. 

One of the most imjwrtant featiircs of the work ia the method by 
which photographic magnitudes have been assigned. " The quantity 
infAsut^ in each case is the intensity of the spectrum in the vieini^ 
of tlio O line. Accordingly, when stars having different spectra 
are compared, the results will not be the same as if the entire li^t 
of the stars were measured. In the latter case, the results willj 
differ «tth the colour of the star according to the method of me»- 1 
suramont employed. This is a serious defect in the measures of' 
the brightness of the stars in c3tal<^De3 hitherto published. Since 
the preaeuf measures relate to rays of a sin^e wave-length the same 
result should be obtained whether the method of comparison was by 
the photographic plate, the eye, orthe thermopile." 

Coming to the Oatalt^e itself we ma? say Iwiefly Uiat it contains 
in a compact form the approximaie {KKitiuDS for 1900 of 10,351 
st«rs. with their referem-e numbers in the Bonn Durchmusterung 
and the Rarvanl Photometry : tfa«ir rbtss uf spectrum as above ; 
iheir phutofcntphio mi^iituties Mtd tbe dileraices of tbe:<e from the 
iuN^ittKt«s of the I>.&l„ the Ai^. 0«b. C«t^ and the ILP. 

ll is fD(l<>vr«il bv another «reU-*mtnged biUe giving the d^aik 
of tht^ iiM«SHn£« d magnitude ou the nrtna pht« on vhidi ead 
slar)ip)MUs: fiw the whole heawos to — J5°«ss pbotop^ibed 
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twice, with plates overlapping in the manner adopted for the astro- 
photographic chart, corner on centre ; and several exposures were 
often taken on the same plate. To this again is added an appendix 
of copious notes and remarks. 

It would be difficult to say too much in praise of the zeal and 
skill with which this great work has been accomplished. The name 
of Mrs. Fleming is already well known to the world as that of a 
brilliant discoverer ; but the present volume shows that she can do 
real hard work as well. The bulk of the work of examining plates 
and preparing the copy for press was in her charge, though it was 
actually commenced by Miss N. A. Farrar. She was apparently 
aided throughout by ladies. The photography was in the hands of 
Messrs Clayton, Gerrish, and Gifford. To all these we owe a great 
debt of gratitude. 



NOTES. 

The alleged Vaeiation of Latitude. — The observations 
Undertaken in concert at Berlin, Potsdam, and Prague for investi- 
gation oE the fluctuations of apparent latitude have now been con- 
tinued for more than two years at the first and third stations. 
Herr Th. Albrecht communicates the results to * Ast. Nach.' 
1^0. 3055, and a very fine series of results they are, showing 
immense care and skill on the part of the observers. 

The existence of a fluctuation of about o"*5 in amplitude and 
period one year seems to be definitely established by the beauti- 
fully accordant observations, though the ultimate cause has yet to 
l)e assigned. Smoothed curves give the following figures : — 

Prague. 
60° 5' 
Aug. I i6"-o2 
Feb. 16 15 '53 
Sept. 9 16 '07 
Fel). 27 15 '65 



Max. 1889... 
Min. 1890... 
Max. 1890... 
Min. 1891... 



Berlin. 

52^30' 
Sept. 6 i7"-55 
Feb. 16 17 '05 
Sept. 2 17 '53 
Mar. 16 17 '©3 



Potsdam. 
52° 22' 
July 23 s6"-49 
Feb. 4 55 -97 



The Asteonomisohe Gesellsohaft held its fourteenth biennial 
meeting at Munich, August 5-7, under the presidency of 
M. Gylden. The Society numbers 318 members in all, 32 of 
whom are new. On August 6, after formal votes of thanks had 
been passed to the Bavarian Government for its hospitality ; and 
tributes paid to the memory of deceased Fellows, M. Seeliger read 
the Secretary's report. M. Krueger was cordially thanked for 
the care with which he edits the ' Astronomische Nachrichten.' 
Papers were read by M. Bruns, of Leipzig, " On a new method of 
determining the division errors of the Transit-circle," and by 
M. Weiss, of Vienna, " On Cometary Orbits." The latter referred 
to 91 orbits calculated by Dr. Kleift, and suggested a central 
bureau for calculating such orbits. M. Peters presented some 
photographs of the total solar eclipse of 1851 July 28. Next 
day Utrecht was chosen for the Meeting in 1893. M. Bakhuyzen 
reported on the work of the observatories participating in the zone 
work. M. Franz, of Konigsberg, undertook to determine the 
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'«■» '4 Ite Mmm and the coordinates of tbi* principal 
t^Nt ;iH» liKk ptaoUgnphs. The membera of a Bureau for cal{ 
M\n t c^ >«U* «£ SBoU pbaef^ were nominnted. There 
tr u -M BMua 'flt :h« nntioD of latitude. 

t^ iMMUsckaA risited the Bogenhausen Observatory aud 
'inwi <ntit IC SBambeil. when M. Falitta's last new planet was 
uknMMwii ffiw^i'ii, bimI M. Foerster uunounced the formation of 
• iwar.SMMtrat Berlin for studjing meteors and terrestrial physios. 

PH* liw. M. it. Close very cleverly pulls to pieces, in a paper 
'w 'aw It. It. Ac 1S91 June 3, the elementary deduction of the 
^itrtakLiWM iaM|u«iitiM ia ibe Moon's motion and the elementary 
■tvtuC :1bc xinr ibixt«it axis of the variation orbit is directed 
vviMNk* :btf :>aa. bitberto given in most text-books. 

'■■i.o .. K nif iitarv proof was first given by Newton himself, who, 

,T>:' a complete geometrical proof. It has thus 

-. :iiJ jcnttiny ; and it has apparently been reserved 

•. si<>w that, though the result comes out right, the 

JLa occorrence of this kind, in an almost purely 

..^ion. is certainly a curiosity. We are familiar 

...^> ^potlke^M which satisfy most coaditiona eicept 

>llM ''i triii^ «wtvvl in the domain of Physics ; but here is a 

*" '■ of nKSOoing in the same plight .' 

r l^jnTlos OF SoLAK pROMiirBKCBB. — Eeferring 

.• >^j«»i^.-iMi» phwMHneiia tvcetitly observed by MM. Trouvelot, 

. ■-, auiil twhcrs 011 the Sun's surface, M. FizeAU 

L^-Uti Ktmdui.' ciriii. no. 10, p. 353) that the 

* wrilh which solar prominences are endowed, 

,,. „.„_,, .,.. ^^^slilaony of tie spectroscope, should give them 

ft ^<4«(«M> UtauUcvin^it.' with referenee to the Sun's limb, of the 
'utturo ti< tui aoMraUiocu This aberrational effect may explain 
yni|. ^^MnfttMW n<(»rded of prominences at some distance from 
ith,' I'iui] ktr withiu the limb. 

*Vn Jy 'K** rt-uwuibw to have seen this remark before. It is 
vV*WiWJ r>«t» of jlTWl importance. 

, , , . hf latt' Mr. N. K. Pogson are raising a fund for 

., in Sladras. They propose (i) that a brass 

. ..,■ inscription should be placed in the Cathedral; 

loney should be put at Mrs. Pogson's disposal 

■1 her youngest son, a boy of about six, most of 

- :s,il N-iiig devoted to this latter object, Sub- 

V- -wil to Mr. C. Michie Smith, Q-overnment 

^ ..'.i!\tukum. 



.'.[[ons m connectioD with the propot 
■u- have been suspended, and no d 
^ ^'^ir. A tunnel large enough for 
Uirert horizontally from north to ai 
:i vertical distance of lamotresf 
> iww closed. 
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irat of Spots m the Northern Hemisphere of Jupiter. — 
a recent Photograph of Jupiter obtained at the lack 
'}atory. 

interesting " Not«a on Jupiter " in tlie October number of 
ObsMratory' Mr. W". F. Denning refers to the great outburat 
of dark spots which has occurred lately upon the dark belt situated 
in about latitude ag' in the northern hemisphere of the planet, 
TbU outburst has been watched here as closely as circutDstances 

fsrmitted, and various interesting pecuHarities have beeu noted. 
he spots are very numerous, over 20 having been observed and 
followed for considerable periods of time, and some of them move 
considerably more swiftly than others. It is premature at present 
to attempt any complete discussion of the residts, which promise, 
however, to be highly interesting and instructive. £ut a change 
has recently taken place in the rate of motion of some of these 
Bpctfl of so remarkable and radical a character that a few words on 
the subject may not be out of place. 

Mr, Denning haa given some observations of one of the chief 
spots of the outbreak in the paper already referred to (see ' Obser- 
Tatory,' p. 330), and from these observations, extending from the 
2ist August to the 15th September, he derives 9'' 49" 27''z as the 
period of rotation. I'he motion of the spot during this time was 
quite uniform. But a great change occurred about the 15th Sep- 
tember, The motion became suddenly less swift, so that from 
thenceforth up to the igth October the period of rotation has been 
9" 49"" 44''2 ; 17' longer than it was previously to the former date. 
A similar change also occurred in the case of other neighbouring 
spots, and at the same time. So that the period of rotation of the 
8urfac«-material of Jupiter qui to suddenly increased 17* or so in 
duration over a wide region (in longitude). A change in rotational 
rat* of this kind of such suddenness, extent, and magnitude is 
probably unique in the history of the planet. 
The following are some observed times of transit of the spot 
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particularly referred to by Mr. Denning, which will i 
BUpplement the hst already given by him. The times marked 
«'ilh an usteriak ha\e been kindly ^communicated to me by Mr. 
Demiing i^- 

h ra 

iSgt.Sept. 22.. 1050-5 i89i,Oet, 3., 

„ ■■ 10 55* 4- 

„27.- 848-2 I5-- 

Oct. 3.. 12 17* 17.. 

Observation has been much hindered lately by the bad wi 
5nd in view of the large number of spots and their difft 
motions, it is very desirable that the times of the passages 01 
thti central meridian of tlie disk should be recorded as often. 



1 




Observers of Jupiter have doubtleBs not infrequently wished 
that they could review the planet. Some region may not have 
been observed as closely as subsequent events may show to have 
been desirable. How nice, for instance, would it not be to be 
able to review the region known to have been occupied by the red 
spot in 1877, or some earlier year! The present outbreak of 
spots above referred to is another case, as in my earlier obser- 
vations I did not pay that close attention to this region o£ the 
planet which I should have done had I known what \vaa going to 
occur. But here circumstances have been more kind. I am in- 
debted to the great kindness of Professor R. 8. Holden for a 
eositive copy on glass of a series of photographs of Jupiter taken 
V him with the great Lick telescope on the 19th August last. 
These photographs are of such a degree of excellence that an 
esamination of them it almost UJre looking at the planet tlgelfl It 
BO happens that I had observed and drawn the region of the 
planet represented in these photographs on the same night, but 
about 10 or one rotation earlier. In my drawing only three 
spots appear on the belt in about 25° N. lat. The Lick photo- 
graphs show six distinctly, with traces of a seventh, and also 
indicate various interesting details not represented in the sfeetch. 
The markings on the S. side of this belt move so much more 
swiftly than those in other parts of the planet, that there ia st< 
marked displacement in the positions of the spots in the phi ' 
grophs relative to the red spot, though the photograph! 
token about 10 hours later than the sketch. 

Various other interesting features are also well represented. 
On p. 330 of the ' Observatory ' Mr. Denning gives some obser- 
vations of a bright spot situated to the south of the red spot, and 
figures it in his sketch on the preceding page. This spot is quite 
a glaringly conspicuous object on the photographs. The red spot 
itself is, of course, exceedingly well showu, its interior being 
slightly lighter, so that it still has an annular form. Altogether 
there are 16 or 17 spots indicated with sufficient distinetneea to- 
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enable their positions to be measured. But perhaps the chief 
attraction attaches to the 3r(l satellite and its shadow. In the 
plate sent by Prof. Holden there are three images of Jupiter, 
respectively taken at 13** 47" 6% 13'* 50™ 46*, and 13*^ 53™ 16* 
P.s.t. *. In the first of these the satellite appears as a clear round 
spot beginning to enter upon the planet's disk ; in the second it 
is shown about half-on ; whilst in the third it is almost entirely 
on the disk, and still perfectly obvious, though beginning to be 
lost in the brighter surface nearer the centre. In all three images 
the shadow of the satellite appears as a very prominent blackish 
spot covering the following end of the red spot, and having an 
obvioiLS penumbral fringe f . 

In the September number of the * Observatory ' Mr. Denning 
states that on the 21st August last the spot on the belt N. of the 
N. equatorial belt was "quite as obvious as the shadow of a satellite, 
but perhaps a little smaller." The admirable photographs of Prof. 
Holden show that two days earlier this spot was a mere trace com- 
pared with the great dark shadow of satellite III. 

Burgess Hill, 1891, Oct 21. A. STAIfLBX WiLLIAMS. 



The Large Sun-spot Group of Aug. zS-Oct. 4, iSgi, 

The following notes on some telescopic and spectroscopic phe- 
nomena observed in this large group of spots are intended to 
supplement the note by Father Sidgreaves in the last number of 
the ' Observatory.' The group was born on Aug. 28 at the eastern 
limb, its mean hehographic coordinates being lat. 18°* 5 N. and 
long. 22i°'o. It died on Oct. 4, on the western hmb, in lat. 
22°'o N. and long. 2 2 6°* 7. It thus both formed and died on the 
visible hemisphere. Moreover it was the largest group of spots 
observed since June 1885, and one of the largest since the great 
November spot of 1882. Fourteen drawings were obtained of the 
group at Stonyhurst. During its first passage over the disk, 
Aug. 28-Sept. 10, it consisted mainly of two very large irregular 
spots. The following of these was by far the largest spot of the 
group, and underwent the greatest internal changes. It did not, 
however, survive to a second rotation ; for then the preceding 
spot alone appeared, being accompanied in its passage across the 
disk by occasional outbreaks of small spots scattered over a wide 
area. 

At its birth the group was surrounded by bright compact faculse, 
one scimitar-shaped jet lying S. of the preceding spot being es- 

■ 

* These are the times o£ the ends of the exposures, Tvhich Tvere in all three 
oases for lo^. 

t The shadow of this satellite seems to have heen photographed for the 
first time by Dr. Common in 1880 with his 3 -feet reflector. See 'Monthly 
Notices,* VoL xli. p. 205. 
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Fig. I. 
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Spot B. Spot A. 

pecially remarkable. At its death the faculsB were still very bright, 
but were vastly more extensive. 

The area of the group at its birth on Aug. 28 was 77 million ths 
of the visible hemisphere. As it crossed the disk it steadily 
developed, and attained its greatest area of 1834 millionths on 
Sept 7. At its reappearance after one rotation on Sept. 25, the 
the area had diminished to 545 millionths. The diminution con- 
tinued until the extinction i>f the spot on Oct. 4. 

The group displayed some remarkable proper motions, the two 
members repelling one another, except for a slight approach on 
Sept. 3. At their birth on Aug. 28 the two spots were ^°'6 apart 
in longitude, which was increased to 5°'9 on Aug. 29th ; to io°*4 
on Sept. 2 ; to ii°*8 on Sept. 4; and to i3°'o on Sept. 7, 
Between Sept. 7th and the 9th, the following spot changed its 
retrograde motion to one of approach, but its companion gave at 
the same time such a leap forward, that on the 9th their distance 
apart reached its maximum of i6°'5. This forward motion of the 
whole group took place just after it had attained its greatest area. 

Considering the motions of the individual spotfl, that of the pre- 
ceding member of the group was very rapid, as it advanced from 
Jong. 222°*8 to 233°-8 between Aug. 28th and Sept. 9, or ix° in 
12 days. Its most rapid drift of 4°* 7 in two days took place 
between Sept. 7 and 9. The drift of the following spot in the 
contrary direction was not at all great; but 3°'! in the 10 days, 
Aug. 28-Sept. 7, and from long. 2i9°*2 to 2i6°*i. Both the spots 
rose in latitude, the mean drift of the group being from i8°*5 N. 
to 2 2°' 2, while the individual drifts were from 19° to 2i°*8 and 
from i8°'o to 22°* 5 for the preceding and following spots respec- 
tively. Their common advance in longitude Sept. 7—9 was 
accompanied by a slight fall in latitude, so that their paths were 
almost parallel. The end of the first rotation was marked by the 
metallic prominence of Sept. 10 immediately over the following 
spot, which was then exactly on the limb. 

At the beginning of the second rotation the preceding spot, 
which now alone remained, was found on Sept. 25 in lat. 2 3° and long. 
228°'3. Excluding possible oscillations, it had therefore, when on 
the invisible hemisphere, drifted i°*8 higher in latitude, but retro- 
graded 5°-5 in longitude. Until Sept. 28 it remained almost 
stationary, but from the 28th to the 29th it suddenly rose i°'5 in 
latitude and advanced 2^-6 in longitude. Next day it as suddenly 




dropped to almost exactly its original position in latitude, and 
retrograded j"'! in longitude. TEIh seems to have boen its ex- 
piring efEort, as on Oct. 4lh it was represented by a, gronp o£ 
minute scattered dots. Therefore while the following and larger 
spot remained comparatively Htationary, the preceding spot drifted 
rapidly forward in longitnde in the iirst rotation, and retrograded 
in the second rotation, so that when it died it was but ^°'g in 
advance of its first position. 

In the spectroscope the most important spot of the group was the 
one marked B in the figure. The following are some of the details o£ 
the variations in the hydrogen C line over the spots when they were 
ou the visible disk. The observations were taken during a vacation 
visit to the Stonyhurst Observatory, at the kind invitation of the 
Director. On Aug. 30th, at 1 1 a.m. G.M.T., in a haay sky, and 
employing a dispersion of 6 prisms of 60°, the line was seen to be 
reversed and displaced towards the violet in the preceding portion 
of the nucleus of the following spot. There was also a less 
brilliant reversal of the line noted in the faciila which was situa- 
ted between the two spots, while in that which followed the group 
the line was broken though unreversed. 

The next observation was on Sept. 3rd in excellent definition, 
so that the full battery of 12 prisms of 60" and a high raagnif ving- 
power were employed. The following of_ the two spots was seen 
to be broken up into a number of separate nuclei, with penurabral 
and faculous matter filling up the spaces between. As on Aug. 30th, 
so now too, the C line was unaffected by the preceding spot. But 
in its companion some remarkable reversals and displacements of 
the line were observed. By carefully bringing the sUt over various 
portions of the spot, it was possible t-o locate the chief seat of dis- 
turbance as being situated in the northern half of the spot, and in 
the faculous and penumbral gap which intervened between this 
and the southern half. At 11.30 the line was broken in the pe- 
numbral gap, and a small portion was twisted and blown towards 
the violet. It was pear-shaped, with the stem adhering to the dark 
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line. It ^ve the Impression of flattering about, as if blown bj a 
wind. The estimated displacement was 0*7 X-metre, and the 
appearance lasted for about three minutes. It was not seen again, 
but subsequently the line became very much widened on both sides. 
At 11.53 the line was reversed in that nucleus which was situated 
in the N.F part of the spot. At 12.15.it became less dark in this 
same nucleus, and in the penumbral gap had a thin hair adhering 
to it and turned towards the red. The motion therefore of the 
dark hydrogen had been reversed from an uprush to a downrush. 
The thin hair-like line formed an angle of about 30° with the 
main line. Lower down this latter was reversed as a bright dot 
probably in a region of faculsB, and below this again was greatly 
thickened in some penumbrae. Hence five different appearances 
of the line were to be seen in the same field. At 12.35 ^^® ^^ 
line had vanished, a thickening of the main line having taken its 
place. When the group was sketched next morning at 9.45, it 
was seen that the aspect of the spot had changed in that very 
portion in which the disturbance had been observed in the spec- 
troscope. On Sept. 6th, at 3 p.m., the C line over this same spot 
was less dark but otherwise unaffected. 

On Sept. 28th, at 12 p.m., the C line was reversed in the 
nucleus of the preceding spot, which now alone survived. It is 
noteworthy that as in the case of its companion, so now too, a re- 
versal of the hydrogen line heralded its speedy dissolution. Nor 
must we omit to call attention to the fact that the independent 
observations of the reversals and twistings of the C line on 
Aug. 30th and Sept. 3rd, and the observation of the metallic 
prominence on Sept. 10, agree in placing the seat of greatest 
activity as occurring in the same portion of the following spot of 
the group. As the scope of the details just described is only to 
supplement the observation of the metallic prominence, all refe- 
rence to the observations of the remaining lines between B-D in 
the spectrum of the group has been omitted, as they will, it is 
hoped, be more appropriately published elsewhere. 

St. Beuno*8 College, St. Asaph, A. L. CoBTIB. 

1891, Oct. 17. 



Saturn, 

Several circumstances combine to make this planet an object of 
special interest at the present time. The ring was invisible from 
Sept. 22 to Oct. 30, but the northern side has just come into view 
and observers now have an opportunity of studying the extremely 
narrow ansae. Are they perfectly smooth, continuous lines of 
light, or broken up by irregularities due to a real inequality of sur- 
face ? When the ring is but a scarcely perceptible thread of light, 
as at present, it is usually seen under a beaded aspect and forms a 
delicate object in consequence of the very feeble (and perhaps 
irregular) reflective capacity of the outer edge. 
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In 1848 Schmidt observed numerous breaks in the ring, then 
presented nearly edgeways. On such occasions one ansa only has 
been sometimes visible, 'and the curious fact has been noticed by 
others that the ring extends further outwards on one side than on 
the other. The shadow of the ring thrown on the planet's bright 
equatorial zone has shown dark projections which can only be 
attributed to a mountainous character of the surface of the ring. 

Peculiarities of this kind have been frequently remarked and are 
attested by observers of good reputation. But it is difficult to say 
how far the observations represent real features, for the effects of 
atmospheric disturbances upon a very delicate structure such as 
this must occasion false appearances precisely of the nature de- 
scribed. It is exceedingly difficult to discriminate between false 
and veritable details in an object so liable to distortion by the 
slightest tremors of the air. The narrow thread of light is constantly 
Undulating and thus assumes a broken or a serpentine aspect as 
every wave of vapour passes over it. 

When the Earth is nearly in the plane of the ring and there 

is practically no interference from the latter, the period is aptly 

Suited for the observation of the planet's belts and spots. The 

belts are then seen crossing the disc in straight lines like the 

belts of Jupiter*, and their arrangement can be feasily depicted. 

Markings if existing in or near the dark equatorial belts may then 

be seen to the best advantage. It was in Dec. 1876, when the 

lyings were turned nearly edgeways, that Prof. Hall at Washington 

detected a white spot just N. of the equator of Saturn. The last 

opposition of the planet is also noteworthy, for a considerable 

number of equatorial spots have been observed by Mr. A. 8. 

"Williams, of Brighton, with a reflector of 6^ inches aperture, powers 

225 and 320 (Huygenian) and 328 (single lens). He succeeded 

in obtaining glimpses of these markings early in May last, and 

practice soon gave his eye increased power, so that at the end of 

June they had become easy objects though the planet was less 

favourably situated. Some of the spots were followed during an 

interval of two months*, and by unwearying efforts Mr. Williams 

managed to secure the estimated times of 80 of their transits across 

the central meridian of Saturn. 

The following figures are reproduced from drawings by Mr. Wil- 
liams. Yig. T (May 7) represents a bright spot (2 a) nearly at 
mid- transit, and it was preceded by a small oval dark spot (2) 
on the N. side of the 8. equatorial belt. Fig. 2 shows the same 
markings as they were reobserved on May i3,v7hen another white 
spot was detected nearing the W. limb. Pig. 3 (June 5) includes 
the pair of spots seen on May 7 and 13, and a white spot was now 
observed just preceding the dark spot. A peculiar broad, dusky 
streak was also noticed in the planet's N. hemisphere ; its major axis 
was apparently placed at right angles to the direction of the belts. 

* This is not perhaps strictly trae, hut the inclination of Jupiter is so small 
that the curvature of the belts may be disregarded and it is rarely shown in 
drawings. 
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As theae results rest on iBoUted testimony, some doubt may 
^tossibly be expressed concerning tliem. Ifc is certain that the 
i'eaturea olluded to were seen by no one else, though in several cases 
they were particularly looked for. Such markinga hare resisted the 
powers of the Lick 36-inch refmctor, the Washington 26-inch, the 
Chicago i8j-inch, Mr. G-reen'a i8-ineh reflector, &e., &c.. Is it 
possible to conceive, therefore, that they could be easily seen in a 
6|-inch retteetor ? It is evident that by long practice and persever- 
ance Mr, Williams has acquired phenomenal powers of observation, 
or that he has something more thau a lively imagination. The times 
of transit which he gives for the individual spots agree in a re- 
markable manner amongst themselves and support the rotation 
Eeriod derived by Prof. Hal! in 1877, This in itself is corro- 
irative evidence of no hght character, and I think it is far easier 
to accept the observations than to eiplaiu them away. No doubt 
it is another case where a capable observer has shown the great 
utility of a. small telescope in distinguishing marliings on a bright 
planet. 

I have derived the rotation periods of 11 of the spots discovered 
by Mr. Williams. The number of rotations varied from 77 to 138. 
After correcting the apparent periods for differences in the relative 
longitudes of t^tum and the Earth and for equation of light, I 
found from 10 white equatorial spots a mean period of 

io''i4"26"-6. 
The individual determinations varied between 10'' 14™ I9'"S and 
10'' 14" 33"'g. I'or a dark spot situated on the equatorJiU side of 
the southern belt I found 

10'' I4'"24'-2. 

Prof, Hall's period was 10" 14°' z^'S from his white equatorial 
spot of Dec. -Jan, 1876-7, while Sir W. Herschel deduced 10" 16°" 
o»-4 from certain irregularities observed in a quintuple belt in 
1793-4- 

In 1880 I made a number of observations of Saturn with a 10- 
inch reflector and remarked that " the equatorial Kone is the 
brightest region of the disk and gives indication of white patchea 
in moments of best definition " (' Monthly Notices,' vol. sli. p. 82). 
I have at other periods suspected faint white spots here, but never 
followed them with desirable closeness. I feel confident that the 
markings seen by "Mr W II ams will be reobserved during the 
ensuing appar t on of Sat m It is to be hoped that some ci the 
large instruments will be en ployed in recovering and following 
them. There is no reason to consider these features as recent 
disturbances or that they bave now disappeared. Probably they 
are very s m lar to the spots on Jupiter and are pretty durable 
atmospheric pbenom na, though liable to certain variations from 
time to t me 

With the conflr nal n of recent discoveries ne shall enter upon 
what may be regarded as a ne v era in observations of this beautiful 
^t. Instead of the lack of variety in Satumian detail as observed 
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in former years we may find numerous instancea of change i 
disturbance in the equatoriat region of the planet, reminding ub 
forcibJy of tlie more Btiiking phenomena exhibited on Jupiter, 
Observera with modest appliaucea will also recogniee, more than 
ever, that their means are adequate to important work in the field 
of planetary observation. 

Brutol, "W. F. Dekning. 
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[Continued from p, 341.] 

We now come to an important elans of aatronoinical work more 
purely as trophy sieal, for the illustration of which I can no longer 
appeal to the Unpe, because 1 regret to say that we are not yet pro- 
vided with the means for its prosecution. I refer to the use of the 
spectroscope in astronomy and especially to the latest developments 
of its use for the accurate measurement of the velocity of the motions 
.of stars in the line of sight*. 

It is beyond the province of this lecture to enter into history, but 
it is impossible not to refer to the fact that the chief impulse to 
astronomical workin this direction was given by Dr. Huggins, our 
chairman to-night — nav, more, except for the early contributions of 
Fraunhofer to the subject, D.r. Hugginjs certainly is the father of 
sidereal apeetroseopy, and that not in one but in every branch of it. 
He has devised the means, pointed the way, and, whilst in many 
branches of the work he still continues to lead the way, he has of 
necessity leit the development of other branches to other hands. 

From an astroroeter's point of view the most important advance 
that has been made in spectroscopy of recent years is the sudden 
development of precision in the measures of star motion in the line 
.of sight. The method remained for fifteen or sixteen years quite 
undeveloped from the condition in which it left the hands of 
Dr. Huggins, and certainly no progress in the accuracy attained by 
Dp. Huggins was made till the matter was taken up by Dr. Vogel a 
Potsdam. At a single step Dr. Vogel has raised the precision of the 
work from that of obaen'ations in the days o t Ptolemy to that of the 
days of Bradley — from the days of the old sights and pinnules to 
. the days of telescopes. Therefore I take a Potsdam observation as 
the best type of a modem spectroscopic observation for description, 
especially as 1 have recently visited Dr. Vogel at Potsdam, and he 
has kindly given me a photograph of his spectroscope, as well as of 
some of the work done with it. 

A photograph of the Potsdam spectroscope attached to the equa- 
torial is now on the screen. [Description.] 

* The older mpthods ennbled iib to raoasuro motions at. rigbt angle* to the 
line of siqlit, but till Ota Bpectroraupe cams we oould not measure motioBB in 
the line of sight. 
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The method oE observation consists simply in inserting a small 

photographic plate in the dark slide, directing the telescope to thd 

star, and keeping the image of the star continuously on the slit 

during an exposure of about an hour ; and this is what is obtained 

-on development of the picture. [Illustration : see Frontispiece.] 

If the star remained perfectly at rest between the jaws of the slit 
the spectrum would be represented by a single thread of light, and 
of course no lines would be visible upon such a thread ; but the 
observer intentionally causes the star-image to travel a little along 
±he slit during the time of exposure, and so a spectrum of sensible 
width is obtained. (Fig. t.) 

You will remark how beautifully sharp are the faint lines in this 

epectrum. Those who have tried to observe the spectrum of Sirius 

in the ordinary way know that many of these fine lines cannot be 

seen or measured with certainty. The reason is that on account of 

-irregularities in atmospheric refraction, the image of a star in the 

telescope is rarely tranquil, sometimes it shines brightly in the 

centre of the slit, sometimes barely in the slit at all, and the eye 

:becomes puzzled and confused. But the photographic eye is not 

in the least disturbed ; when the star-image is in the slit, the plate 

goes on recording what it sees, and when the star is not in the slit 

the plate does nothing, and it is of no consequence whatever how 

rapidly these alternate appearances and disappearances recur. The 

only difference is that when the air is very steady and the star's 

image, therefore, always in the slit, the exposure takes less time 

than when the star is unsteady. 

That is one reason why the Potsdam results are so accurate. 
And there are many other reasons besides, into which I cannot now 
enter. What, however, it is very important to note is this, that 
we have here a method which is to a great extent independent of 
the atmospheric disturbances which in all other departments of 
astronomical observation have imposed a limit to their precision. 
Accurate astrospectroscopy, therefore, may be pushed to a degree 
•of perfection which is limited only by the optical aid at our disposal 
ana by the sensibility of our photographic plates. 

And now I think we have sufficiently considered the ordinary 
processes of astronomical observation to illustrate the character of 
the work of an astronomer at night, the picture should be com- 
pleted by an account of his work by day. But to go into the matter 
in detail would certainly not be within the limits of this lecture. It 
is better that I should in conclusion touch upon some recent re- 
markable results of these day and night labours. It is these after 
all that most appeal to you, it is for these that the astronomer 
labours, it is the prospect of them that lightens the long watches 
of the night and gives life to the otherwise dead bones of mechanical 
routine. 

Let us take first some spectroscopic results. To explain their 
meaning let me remind you for a moment of the familiar analogy 
between light and sound. 
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The pitch of a musical note depends on the rapidity of the vibra- 
tions communicated to the air by the reed or string of the musical 
instrument that produces the note, a low note being given by slow 
vibrations and a high one by quick vibrations. 

Just in the same way red light depends on relatively slow vibra- 
tions of ether, and blue or violet light on relatively quick vibrations. 
"Well, if there is a railway train rapidly approaching one, and the 
engine sounds its whistle, more waves of sound from that whistle 
will reach the ear in a second of time than would reach the ear 
were the train at rest. On the other hand, if the train is travelling 
at the same rate away from the observer, fewer waves of sound will 
reach his ears in a second of time. Therefore an observer beside 
the line should observe a distinct change of pitch in the note of the 
engine-whistle as the train passes him, and as a matter of fact such 
a change of pitch can be and has been observed. 

Just in the same way, if a source of light could be moved rapidly 
enough towards an observer it would become bluer, or if away from 
him it would become more red in colour. Only it would require a 
change of velocity in the moving light of some thousands of miles 
per second in order to render the difference of colour sensible to the 
eye. The experiment is, therefore, not likely to be frequently shown 
at this lecture table ! 

But the spectroscope enables such changes of colour to be 
measured with extreme precision. Here on the screen is the most 
splendid illustration of this that exists at present, viz., copies of 
three negatives of the spectrum of a AurigsB, taken at Potsdam in 
October and December of 1888 and in March 1889. (Fig. 2.) 

The white line (the picture being a positive) represents the bright 
line Hy given by the artificial light of hydrogen, the strong black 
line in the picture of the star spectrum corresponds to the black 
absorption line which is due to hydrogen in the atmosphere of the 
€tar. 

Why is it that the artificial hydrogen line does not correspond 
with the stellar line in these three pictures ? The answer is, either 
the star is moving towards or from the Earth in the line of sight, 
or the Earth is moving from or towards the star. But in December 
the Earth in its motion round the Sun is moving at right angles to 
the direction of a Aurigae ; why, then, does not the stellar hydrogen 
line agree in position with the terrestrial hydrogen line? the 
simple explanation is that a Aurigse is moving with respect to the 
Sun. 

In what way is it moving ? Well, that also is clear — the stellar 
line is displaced towards the red end of the spectrum, that is to 
say the star-light is redder than it should be in consequence of a 
motion of recession ; this proves that the star is moving away from 
us, and measures of the photograph show the rate of this motion 
to be 15I miles per second. We also know that in October the 
Earth in its motion round the Sun is moving towards a Aurigae 
nearly at the same rate as we have just seen that a Aurigae is run- 
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ning away from the Sun. Consequently, at that time, their relative 
motions are nearly insensible, because both ^are going at the same 
irate in the same direction, and we £nd accordingly, in October, that 
'fclie positions of the stellar and artificial hydrogen lines perfectly 
correspond. Finally, in March, the Earth in its motion round the 
Sun is moving away &om a Aurigse, and as a AurigsB is also running 
away from the Sun the star-light becomes so much redder than 
normal that the stellar hydrogen line is shifted completely to one 
side of the hydrogen and artificial line. 

The accuracy of these results may be proved as follows : — 
If we measure all the photographs of a AurigsB which Dr. Vogel 
lias obtained we can derive from each a determinafion of the rela- 
tive velocity of the motion of the star with respect to our Earth. 

Of course these velocities are made up of the velocity of motion 
of a AurigsB with respect to the Sun (which we. may reasonably 
assume to be a uniform velocity) and the velocity of the Earth due 
to its motion round the Sun. But the velocity of the Earth's motion 
in its orbit is known with an accuracy of about one five-hundredtti 
part of its amount, and therefore within that accuracy we can 
allow precisely for its effect on the relative velocity of the Earth 
and a AurigaB. When we have done so we get the following results 
for the Velocity of the motion of a Aurigae with respect to the Sun. 
You see by the foUowing table (p. 374) how beautifully they agree 
in the Potsdam results, and how comparatively rough and unre- 
liable are the results obtained by the older method at Greenwich. 

I believe that in a few years, at least in a period of time that 
one may hope to see, we shall not be content merely to correct our 
result for the motion of the Earth in its orbit only, and so test our 
observations of motion in the line of sight, but that we shall have 
arrived at a certainty and precision of working which will permit 
the process to he reversed^ and that we shall be employing the spec- 
troscope to determine the velocity of the Earth's motion in its orbit, 
or, in other words, to determine the fundamental unit of astronomy, 
the distance of the Sun from the Earth. 

I will take as another example one recent remarkable spectro- 
scopic discovery. 

Miss Maury, in examining a number of photographs of stellar 
spectra taken at Harvard College, discovered that in the spectrum 
of /3 AurigaB certain lines doubled themselves every two days, be- 
coming single in the intermediate days. Accurate Potsdam obser- 
vations confirmed the conclusion. 

The picture on the screen (Fig. 3) shows the spectrum of 
/5 AurigaB photographed on November 22 and 25 of last year. In 
the first the lines are single, in the other every line is doubled. 
Measures and discussion of a number of these photographs have 
shown that the doubling of the lines is perfectly accounted for by 
the supposition of two suns revolving round each other in a 
period of four days, each moving at a velocity about 70 miles a 
second in its orbit. 
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"When one star io approaching us and the other receding, thi 
lines in the spectrum formed by the light of the firat star will \ . 
moved towards the blue end of the spettrum, those in the spectraiQ 
of the second star towarde the red end of the spectrum. Then, 1 
the tiro stars c-onie into the same hne with us, Ihfir motions be^.^ 
come at right angles to the line of sight, and their two spectra, not 
being afiected by motion, will perfeetl^y coincide ; but ther 
the stars cross, their spectra again eeparate in the opposite directioi»«.J 
and so thej go on. 
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Thus by means of their spectra we are in a position to watch and 
to measure the relative motions of two objects that we can never 
see apart ; nay more, we can determine not only their period of 
revolution but also the velocity of their motions in their orbits^ 
Now, if we know the time that a body takes .to complete its revo-r 
lution, and the velocity at which it moves, clearly we know the 
dimensions of its orbit, and if we know the dimensions of an orbit 
we know what attractive force is necessary to compel the body to 
keep in that orbit, and thus we are able to weigh these bodiesl 
The components of /3 Aurigae are two suns, which revolve about 
each other in four days ; they are only between 7 and 8 millions of 
miles (or one-twelfth of our distance from the Sun) apart, and if 
they are of equal weight they each weigh' rather over double the 
weight of our Sun. 

1 have little doubt that these facts do not represent a permanent 
condition, but simply a stage of evolution in the life-history of the 
system, an earlier stage of which may have been a nebular one. 

Other similar double stars have been discovered both at Potsdam 
and at Cambridge, U.S., stars that we shall never see separately 
with the eye aided by the most powerful telescope ; but time does, 
not permit me to enter into any account of them. 

David Gill. 

[To be continued.] 
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With reference to Mr. H. H. Turner's very interesting paper, 
published in the last number of the ' Observatory,' p. 326, 1 will 
state that the bright- spot observed June 17th already existed 
when I first noticed it at lo** 16" a.m. Paris mean time. Very 
shortly after this time, the facula-like object seen close to the limb 
very rapidly lighted up, beginning at the extremity nearest to the 
other bright spot first observed, thus showing that the propagation 
of activity was northward from that spot. 

When the Sun's image was projected on the screen for the 
second time, nothing which could be seen remained on that parti- 
cular part of the Sun where the phenomena had been observed, 
not even the facula-like object seen before. 

In the hurry of the observation this facula, which very likely 
had resumed its ordinary brightness, might perhaps have escaped 
my notice. But this is rather doubtful since my son, who was 
present and observed the phenomenon on the screen with me, also 
failed to detect any trace of faculee or any other things. 

I will call the editor's attention to a slight mistake on p. 328, 

where the word *' Sept.," under the engraving, should be replaced 

by " June." E. L. Tbouvelot. 

Meudon Observatory, 
1891, Oct. 12. 
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Double Stars for November. 

The following interesting double stars are well placed for obseiv 
vation in November. They may aU be observed with a telescope 
of moderate aperture. The positions are for 1 890*0. 

S 3062. E.A. o** o"* 80", Dec. +57° 49' ; Mag. 6-9, 8. 

A binary star. Period about 112 years (Schur). One revolution 
has now been nearly completed. Some recent measures are : — 

i887'io 3io°'73 i"'So Tarrant. 

1 889*5 7 321 •! I *4S Burnham. 

^ CassiopeisD. E.A. o*" 42™ 27", Dec. +57° 14' ; Mag. 4, 7'6. 
A well-known binary star. Period about 195 years (Gruber). 
1886-974 i78°-64 4"7i Tarrant. 

$6 AndromedsB (S 73). E.A. o** 49™ 5", Dec. +23° 2' ; 

Mag. 6*2, 6*9. 

Binary. Period 137*5 years (Le\^ds). Some recent measures 
are: — 

1888-05 7°7 i"-i8 Scbiaparelli. 

1888*51 6 •! I '21 Leavenworth. 

1891*08 9 '2 I '35 Maw. 

a Piscium. E.A. i*" 56™, Dec. +2° 12'; Mag. 3*7, 47. 
In slow motion. 

1886*95 32i''-87 3"-o3 Tarrant. 

Double. Hastings. E.A. 2^ 11"*, S. 18° 44'; Mag. 8-3, 8-9. 

In rapid motion. The measures are : — 

1879-92 3ii°*8 2"*22 Hall. 

i888*66 339 '6 2 -18 Leavenworth. 

Measures of this star are very desirable. It seems to be Lalande 
4219 (8^ mag). 

84 Ceti (S 295). E.A. 2^ 36"^, S. 1° 10' ; Mag. 6, 10. 

In slow motion. 

i888*o6 322 '2 4"*5o Tarrant. 

i888-68 323 *o 4 '27 Leavenworth. 

fx Draconis (S 2130). E.A. 17*^ ^'^'s, Dec. +54° 37'; Mag. 5, 5. 

A slow-moving binary. Period 648 years, according to 
Berberich. Plane of orbit at right angles to line of sight. 

188673 i6i°-9 2"-5i Engelmann. 

1886*94 160 -o 2 '35 Tarrant. 

J. E. GOEE. 
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Selenographical Notes. 

Bode, Pallas, and Mfeohison". — ^There are few lunar land- 
ecapes that present a more striking and beautiful picture than 
"that which includes this group and the neighbouring mountainous 
region, if it be observed a few hours after sunrise with a 
moderately high power. Neison justly remarks that there is 
much in it to remind us of terrestrial formations. Certainly, the 
branching hill-ranges, with their associated valleys and other 
features, are of a type more frequently met with on the Earth 
than on the Moon's surface, a circumstance which is also in a 
great measure true as regards the character of the country which 
forms the gentle south-western slope of the neighbouring Apen- 
nines and of the intervening plain. The very brflliant boundaries 
of the three formations contrast strongly with the sombre hue of 
the hill and the valley region on the north-west under oblique 
illumination, as do also the many little white isolated heights 
which lie scattered on the grey surface on the south of Murchison. 
Like other objects situated amid the rugged details of lunar 
mountain-districts, the group with its adjuncts is very difficult 
to portray, owing to its complexity. The representation of it in 
Schmidt's map is on a sufficiently large scale to allow the in- 
sertion of details which cannot be distinctly shown in those of 
Aladler and Neison, and, although not wholly satisfactory, it 
is generally truthful, especially as regards the mountain-land by 
which the group is environed. 

Pallas is encircled by an all but continuous rocky border, while 
Jilurchison, its neighbour on the west, is to a great extent open to 
"the plain on the south, the bright ring-plain, Murchison A, marking 
"the eastern termination of the long stretch of curved wall which 
:€ orms its boundary on the north and west. The structure of this 
tarrier is noteworthy. About one half of it, the portion adjoining 
TPallas, is not only far less brilliant than the remainder, but dis- 
plays a number of long, narrow, parallel spurs or buttresses 
Tunning out from it at right angles towards the central region of 
the floor. These are well seen during the progress of sunrise, 
standing out as faint grey bands amid the black shadow of the 
lofty border, which, according to Neison, rises some 3000 feet 
above the interior. The rest of the wall, up to Murchison A, is 
both wider and far more brilliant, and exhibits two curious longi- 
tudinal depressions abutting on the north side of A, resembluig 
the three prongs of a fork. This portion of the border is less 
lofty than the other and rises directly from the plain, while the 
more easterly and darker section appears to be little more than 
a steep cliff termination to the mountain region which bounds it 
on the north. The opposite, or southern, side of Murchison con- 
sists of a narrow longitudinal strip of bright wall terminating on 
the west in two other strips of about equal length and brightness, 
spreading out like the sticks of a fan. The first, the massive 
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mountain-arm a (Neison, Map X.), and the fciroad complex western 
wall of Pallas form a cross, near the centre of which, on the 
northern end of a, stands a very deep and brilliant crater. The 
floo? of Murchison exhibits no detail beyond three or four low 
ridges. 

Perhaps the most noticeable structural feature remarked by the 
observer who examines Pallas and Murchison under a rising sun 
is the bright wall which strikes across the two formations from 
north to south, forming the division between them and extending 
some distance beyond their limits on either side. The mountain- 
arm a is the southern prolongation of this partition, and on the 
north a similar rocky mass (/3) traverses the dusky mountain-land 
for many miles. That portion of the wall which constitutes the 
boundary common to the tvvo ring-plains exhibits two or three 
narrow gaps and is only very slightly curved, the concavity facing 
the interior of Pallas. Hence this formation approximates in shape 
to the letter D, the straight part of the letter representing that 
section of the transverse wall which forms the partition. 

The north-east border of Pallas is broad and, except under a 
high light, very brilliant. At 9^ 30"^ on April 16, this year, a 
well-marked valley or terrace was noted running round the inner 
slope of it. At this time Bode and the smaller crater south of it 
on the wall were only partially illuminated. Two other much ' 
shallower depressions were seen north-west of the last, standing 
side by side, on the border. Schmidt shows a large number of 
mounds and a long low ridge on the north-western side of the floor. 
With the exception of the latter, which was very evident, I was 
un-ble to verify the existence of these detaib, the only prominent 
objects being a large bright circular mountain, a Little south of 
the centre (the shadow of which at 10** extended up to the foot of 
the eastern wall), and a much smaller bright hill adjoining it on the 
south. At times a crater a^tis suspected on the central mountain. 
Schmidt shows a central mountain in Bode, and AVebb noticed a 
curved ridge traversing it from north to south. The former is not a 
difficult object, but the existence of the ridge has not been verified. 

Neither Pallas nor Murchison are easily traceable under a high 
sun, though Bode, Palla« A, Murchison A, and, in a less degree, 
the little crater at the centre of the cross referred to above, 
standing out as very brilliant rings, serve to mark their position. 
The notable diffonnice in brilliancy at full Moon between objects 
which under lower angles of illumination are, roughly speaking, 
of equal brightness, is a subject which has not received the at- 
tention it deserves. Is it not due to variations both in colour 
and mineral character of the rocks of which they are composed ? 

Beaumont Hoiisc, Shakoei^eare Road, Thos. Gwyx Ei,GEE. 

Bedford, 1S91, Oct. 19. 
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CORRESPONDENCE. 

To tht Editorn of ' Tlie Observatory.' 

Real Path of a fine Meteor. 
Gentlbues, — 

On September 30 at lo*" 2™, whOe observing Temple-Swift's 
periodical comet, I saw a meteor o£ about; isi, mag. moving elowly 
downwards between f Draconia anrlyUrsaB Minoris. Aa it fell it 
rapidly increased in brilliancy, and jaat prior to its disappearance 
it must have been twice aa bright as Venus. It quite lit up the 
northern eky for a moment. The nucleus was of a bluish-white 
colour, but the streak it left was not nearly so dense and durable 
as one would expect from so bright an object ; it merely consisted 
of a line of thin white vapour that died away in 2 seconds. The 
ooserved path of the meteor was from 263° -f'73° to 217^° +54', 
length 26°, but there is no doubt I missed the early part of the 
flight. Its doratioa was estimated aa 3^ seconds. 

A communication from Mr. D. Booth, o£ Leeds, received a few 
days later, informed me that he had seen a large meteor, brighter 
than Jupiter, on September 30, at 10'' 3"", passing from east to west 
amongst the stars of Capricornus. The exact places of beginning 
and ending where 320° — 15" and 300° —20°, length 20°, and the 
paiih if prolonged backwards would pass 3° above the planet 
Jupiter, then near the meridian. The meteor moved slowly, dm-a- 
tion 3 seconds, and it left a thin train or streak. 

Comparing the two obsen-ations 1 find the real path of the body 
was from a height of 54 miles over Lydney in Monmouthshire to 
24 miles over Builth in Breconsbire. The earth-point was near 
Aberystwith, and the entire length of path, as observed at Leeds, 
56 miles. The velocity, from a mean of the two observations, ' 
13 miles per second- 
As to the radiant-point, that is well indicated at 14° +7° near 
ePisciiun, situated in azimuth 314° W. from S., altitude 35° at the 
time of the observation. The meteor probably belonged to the 
following (possibly) associated showers : — 

Date. Rudiii 

lEBsSept. 11-.7.. ij- - 
igSG Sopt. 21-30.. 14 - 



NoteB. 


Hef. No 






Not (naot i bIow.t. brilliant 


I'- 597 


trained ueteore. Max. 





1887 Oot. 
The figures in the last ci 



Aecurote; Blow, t. 
trained meteors. 
m. refer to my catalo^ae of Eadianf^ 
points in the 'Monthly Notices ' for May 1890. This shower n 
e Piscium appears to have developed exceptional activity in recent 
years and to supply a large proportion of fireballs. 

Mr. Booth estimated the meteor as brighter than Jupiter, 
1 describe it as twice as bright aa Venus. The cause of the difter- 
euce is i-aaily explained. At the middle of its flight the n 
though not more than 42 miles distant from Bristol, was 17 
2v'2 
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distant from Leeds, and as the amount of light received from an 
object is diminished as the square of the distance is increased, it is 
apparent that to a Bristol observer it would appear fully i6 times 
as bright as to an observer at Leeds. Moreover, I saw the object 
from a dark neighbourhood and in a dark sky, whereas Mr. Booth's 
station was much, illuminated with gas, and thus the effects of 
contrast were lost. As seen from Bristol, the meteor was of small 
angular diameter and star-like in appearance, but intensely brilliant 
just before it terminated its career near d Bootis. 

Tours faithfully, 
Bristol, 1891, Oct. 8. W. F. DEcrNTKra. 

P.S. — ^Another very fine meteor was observed at several stations 
on Sunday, Oct. 11, 6^ 30"^. Mr. Arthur M^e, at Ammanford, 
Caermarthenshire saw the meteor, though the sky was overcast 
with clouds. He says that it appeared in " the south, about two 
thirds of the way from the horizon to the zenith, and moved quickly 
over perhaps a dozen degrees from east to west." During ite 
flight " behind the curdled cloud-masses it flashed several times, 
just like lightning, only fainter." Mr. E. M. Eichards of Ennis- 
corthy, Ireland, describes the meteor as much larger and brighter 
than Jupiter and of a bluish-white colour. It pursued a nearly 
horizontal path of about 40°, and its first apparition was noted in 
azimuth 275° W. from S., altitude 20°. It disappeared in a shower 
of sparks at an altitude of 1 5° after a duration of 4 seconds. Other 
correspondents describe the meteor as remarkably brilliant, lighting 
up the sky like a flash of lightning. It is hoped that further data 
will be forthcoming, so that its real course may be determined. 

W. F. D. 



PUBLICATIONS. 

On the Adjustment? and Testing of Telescopic Objectives. 
T. Cooke & Sons, York. — Messrs. T. Cooke & 8ons have issued 
a small book on the Adjustment and Testing of Telescopic 
Objectives, which will be welcome to all who use achromatic 
telescopes, and more especially to those who are far from 
Europe or for other reasons are unable to avail themselves of the 
knowledge and skill of professional opticians. There is no one 
probably who has found himself thrown on his own resources 
to deal with a telescope, who has not felt how unsatisfactory the 
book information available as to the subjects here treated was : 
many have tolerated defects of vision which might have been 
remedied lest they should do more harm than good ; some have 
condemned good tools ; and, a more serious matter, some have 
mistaken the results of defective vision in the combination of eye 
and telescope for discoveries and wasted their own time if not that 
of others. To all such, Messrs. Cooke's book will be most useful. 
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unless they are o£ the class of Mr. Troughton's " handy gentleme- . 
■who may be tempted to tamper with their instruments instead of \ 
letting well alone. To these, too, Messrs. Cooke's little book will 
offer every facility, and the result will probably he good for trade 
and possibly for Astronomy. 

This little book points out what is not generally made so clear, 
that yiaion with an Astronomical Telescope is the result of three 
separate parts — the object-glass, the eyepiece, and the eye, all of 
which are liable to defects ; and of these the last, which la usaally 
least suspected, is perhaps the most liable to be imperfect. This 
is not new, but it can never be too much insisted on. Inasmuch 
as we liave no knowledge of what good vision is s&we by our own 
experience, we are prone to jump to the conclusion that there is 
no better sight than our own, and to ascribe to objects we are 
looking at, or the telescope through which we look, appearances 
which are in fact due to our own imperfect eyes. Somewhere 
about a quarter of a century ago the writer of this article, after 
describing his own experience, au^ested that it might be " neces- 
sary to make every observer of delicate phenomena prove thai he 
could lee ; " and recent discussions show that the advice may be 
repeated with advantage*. 

The most common error that the observer is called on to deal 
with is that of " squaring on," as Mr. Cooke calls it, that is, making 
the optical aiis of the objective coincide with that of the eye- 
pieces. The instructions are clear and p;ood, but it is to be hoped 
that the form of antagonizing (affonizini/ 1 used to bear them called 
once) screws is, not Messrs. Cooke's ideal. It is wonderful that 
some ingenious person has not devised a better arrangement for 
holding the countercell to the tube, while retaining a power of 
adjustment, than anIagoiiiEing screws ; but surely the plan of 
tapping the holding-down screw through the thrusting-screw is 
better and firmer than that shown in the figures on p. 7. 

Under the head of Achromatism, Messrs. Cooke point out the 
sense in which the Huyghenian eyepiece is achromatic and the 
effects of want of achromatism in the eye. They point out that 
the Eamsden eyepiece as well as the Huyghenian produces but 
very slight colouring effects ; but it might have been as well to 
say that even in the sense in which the Huyghenian eyepiece is 
achromatic the Ramsdea is not so. Nothing is said of the 

" On p. II Mpaars.Oodkfl my that in raanj- individualB irtigmatiBm ia found 
to be variable in amount, nn eye almost free from the defect one day being 
seriously aflected auotber. Ttus is hardly that malformation of ths lenses of 
the Bye usually called " AxtigniatiBia." It ie ondeistood to arise from epasm of 
the ciliary raiiaclee; and it is very doubtful whether the reuiedj suggested 
would make (be obBervations withsuoh an eye trustworthy. The writer's own 
experience tplls bim that under oeH^iin circunistsneei, such ss fatigue, there iij 
lo him, as jirobably to ttrery one, temporary diffleul^ in Beoiiig clearly, and 
that there aeenis to be an occasioiud shifting uecessory of the axia (if the 

g'lindriail eurfnee of the lenses he useEi, but nothing which resembles Messrs. 
ctoke's dfl«;rTption, 
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achromatic eyepieces of several makers ; doubtless because when & 
telescope is overcorrected for colour for use with the usual eye- 
pieces there is no gain from their use ; but in issuing a reprint of 
this little book, wliich \^ill probably soon be called for, it might 
be worth giving some information as to the forms and properties 
of the different eyepieces which have been proposed. Observers 
generally add to the battery of eyepieces supplied by the optician, 
and the recommendations of authorities are so liable to be extended 
to cases which they did not contemplate, and thus cause dis- 
appointment, so that some information as to these forms would be 
useful. 

The authors are evidently partial to the Achromatic Telescopes 
for which the firm has been so long celebrated, and hardly do the 
Reflector justice. It may be quite true that with ordinary eye- 
pieces the Reflector is not perfectly achromatic, but those do not 
give it fair play. Achromatic eyepieces have always, it is believed, 
improved the performance, and there seems to be no reason why 
they should not be generally used. So, too, the Reflector requires 
exceptionally fine conditions to bring out its powers ; but, when 
those are present, people familiar with both kinds of telescope do 
not consider them ini'erior. The Achromatic will always be pre- 
ferable for general use and indispensable for some purposes. The 
choice is not only a question of price of the objective ; the object- 
glass of an achromatic telescope is generally but a fraction of the 
cost of a complete equatorial, and the users of reflectors are usually 
content with fewer conveniences and less showy workmanship, by 
wliich much is saved without loss of quality in the work. 

Agahi, Messrs. Cooke do not do justice to the knife-edge test. 
It \\ as one of the tests proposed and used for specula by Foucault ; 
and these have given the best results, not only in his hands, but in 
1 hose of the MM. Henry of Paris, who, it is believed, use them in 
precis(^ly Foucault's way for their reflectors. Now MINI. Henry, who 
hav(* made many fine objectives, including those for the Coude 
Equatorials and the Photoi2:raphic Telescope, cannot be dismissed 
as amateurs who make their om n telescopes. M. Foucault asserted 
that with his tests he could construct mirrors so true in figure 
that they i>assed the limits of useful accuracy ; the convergence 
of the rays being such, that from the nature of light, it was im- 
possible to detect further errors. 

But with all this the little book Anil be found full o2 information 
as to things which should be, though they are not, generally 
known by observers ; and Messrs. Cooke will have the cordial 
thanks of astronomers, whether professional or amateur. 

J. F. T. 



rilOTCXm.VPHS OF THE MlLKY WaY AND XUBBCULJE. — Mr.RuSSell 

is responsible for a charming new departure in Obser^-atory pubH- 
i^tious, in the shajie of a phott^graphic album. Sixteen prints 
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of plates taken with one of Dallmeyer'a largest portrait-lenses 
(6 inches apertare and 32 inches focal length) have been carefully 
mounted on the pasteboard leaves of an album, a few lines of 
description being added in each rase. The photographs were taken 
in order to make some use of the equatorial mounting for the 
Photographic Telescope which was received some time before the 
objeet^glajjB, " They are believed to be the first of their kind of 
the southern skies, and they present well-known star-spaces under 
new conditions, so much so, that in several important respects we 
must modify the views whit-b had been the outcome of the study 
of these star-spaces with ordina^ telescopes." The plates were 
taken on fine nights (a haze only just visible made it necessavy to 
give double the time of exposure) with an exposure oE about 
3 hours. We may perhaptj quote a few of the remarks made on 
the photographs, aa indicating the sort of conclusions which 
Sir. Eussell has drawn from them. For the justice of these con- 
clusions we must refer our readers to the album itself. 

Photo No. a. " It is as if lines of stars and dark spaces — not 
straight, but slightly curved — converged from the following side 
to a point ij inches below the central star." 

No. 3. "The Great Coal-sack is almost as full^of stars as the 
parts around it," 

No. 6, " The great rift (so-called) in the Milky "Way, which 
comes up to, if it does not include, a, Centauri when viewed with 
the telescope, is not found in this photograph." 

No. 8. " The almost uniform diatribution of stars over this area 
is somewhat at variance with the heat drawings of the Milky 
Way." 

No. 10. " In the brightest parts the stars seem to be almost in 

contact, so close together do they stand It will he observed 

that there are here several long narrow lanes or dark spaces in 
the Milky "Way, and they occur so frequently in other pictures of 
the Milky Way that they may be taken to be a feature of it; but 
I cannot see that they are curved or straight in any systematic 
manner; they are rather meandering and irre^lar." 

Nos. 12, 13, & 14. The Nubecula Major is found to be distinctly 
spiral in character. 

The laat photograph in the volume is of the Orion Nebula with 
the 13-incb object-glass, and gives considerable detail in tlie fainter 
portions. The brighter parts are of course over-exposed in the 
3 hours given to the plate. 

Philips' Patent Obbemt is a card planisphere with the objects 
marked strictly limited to the ecliptic, and provided with two 
radial brass scales for reading-ofl' N.P.D.'s. For rough determina- 
tions of rising and setfing the instrument should be very handy. 
We hardly think the buttons which slide along the scales are well 
devised. All slides should be relatively long in the direction of 
sliding, and these buttons are circular in section. 
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NOTES. 

Pbbsonal Equation. — M. Stroobant made some interesting 
experiments at the beginning of this year, with M . Wolfs personal 
equation machine, at the Paris Observatory. He found : — 

(i) A difference of 4-o''o7 in chronographic and -}-o*'04 in eye 
and ear transits, between his personalities for opposite directions 
of apparent motion. 

(2) That the influence of the degree of illumination of the field 
was insensible. (No mention is made of the number of observa- 
tions on this point, and the results do not appear to be quite 
conclusive.) 

(3) A sensibly constant personal equation of — o*'i4 for the 
first limb, and +0**03 for the second limb, of disks representing 
planets of all sizes from the Moon to Uranus. [There is also 
another curious difference between the limbs on which M. Stroo- 
baut has not remarked, fiz. that there is a difference of o"'o6 
between direct and inverse motion for the first limb, but no such 
difference for the second.] 

(4) That his personal equation decreases algebraically (registra- 
tion is made earlier and earlier) during a long series of observa- 
tions, at the rate of about o"*©! per hour. 

(5) " When making chronographic observations, it has often 
happened to me to note that the registration of a transit at a par- 
ticular wire was too soon or too late. These remarks amounted in 
all to 82. I thought of examining how far these estimations were 
correct. For this purpose I compared the value of P.E. for the 
wire in question with its mean value for the five wires. I thus 
found that there were 69 right estimations and 13 wrong. I had 
also roughly indicated in such notes the amount of the error. On 
analyzing the results I find the following mean differences : — 

" Noted ' Much too soon (or late) ' 4-o*-o58 9 obs. 

„ ' Too soon (or late) ' 4-0*041 47 „ 

„ * A little too soon (or late) ' -}-o '017 26 „ 



(the sign 4- indicating that the difference was in the direction of 
the remark)." 

(6) M. Stroobant finds a well-jnarked " decimal equation," both 
in eye and ear observations and in reading-off chronographic obser- 
vations by estimating the tenths. The figure o occurs oftenest 
and 9 most seldom, the ratio for these two digits being about 3 to 
I in both cases. 



Prof. Bigelow's Theoet of the Solae Coeona. — We were 
somewhat unjust to Prof. Bigelow in mentioning Prof. Niplier's 
criticism of his Theory (No. 179, p. 316) without adding that the 
criticism has been fully replied to. A short paper in the ' American 
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Journal o( Science' for Jane 1891 is sufGcient to dispose of Prof. 
Nipher's objections. The main point is that the Theory is a 
purely georoetrica! one, snti does not claim to rest on any physicai 
basis at present. Prof. Bigelow believes that the coronal streamers 
follow definite curves, for whicb he gives the equations, but has 
not ventured to attribute the phenomena to even a proximate 
cause. " We have avoided spealiiog of Ibe apparent coronal 
structure as a phenomenon of electricity, in deference to the donbt 
tbat free electricity can exist at such higb temperatures on the 
Sun's surface, but have shown that some force in present acting 
upon the corona according to the laws of electi-io potential." 



A Cajalogur of Huttiebfubd's PnoTottsApiuc Plates of the 
Sun, the Mhon, and tile Staus, — Our readf!i's will doubtless be 
interested by the following extract from the ' Annals of the New 
York Academy of Sciences,' vol, vi. ; — 

"On November 13th, 1890, Lewis M. Kutherfurd, LL.D., of 
New York City, presented to the Columbia College Observatory all 
his photographic negatives taken between the years 1858 and 
1878. Hany of the platesbad been measured, and these measures 
were included in the gift. The measures fill soiae thirty qnarto 
volumes. Several yearn ago (18S4) Mr Rutherfurd gave to the 
Observatory his 13-inch equatorial with its photographic corrector, 
with which the photographs, taken since l868, were made; audat 
the same time he douated to the Observatory his measuring engine 
supplied with a ylags scale. This improved measuring apparatus 
was used in January, 1872, and subsequently. 

" The star cluster negatives received an exposure of either three 
or six minutes. Eacli negative bears the date, time of exposure) 
a record of the barometer and thermometer readings, and other 
data necessary for the reductions, 

" The Observatory of Columbia College hopes to issue soon the 
reductions of many of the measures." 

Then follows a cat.-Uogue of these negatives drawn up by Messrs. 
J. K, Eeea and H. Jacoby. There are 359 solar, 436 lunar, 701 
stellar, and 37 miscellaneous photographs. 



The Total Ldnab Eclipse or 1S91, Notembee 15.^ — 
Shortly before the total eclipse of the Moon of Oct. 4, 1884, 
the suggestion was made by Dr. Dcillen, of Pulkowa (now of 
Dorpat), that a determinn-tion of the Moon's diauieter unaffected 
by irradiation might be obtained by observing both the disappear- 
ance and reappenrance of as many small stars as possible during 
totality, and with this object he prepared a list of stars near the 
Moon's place, and computed the times of occultation for various 
observatories. The next total eclipse visible in Europe 



le was on ^^4 



Nates. 



Dr. DoUen af[ain prepared 
umber of occultations v 
the weather was utifavour- 
K the obaervations at 
the present year. 



Jan. aS, 1888, and on that 
and circulated lists. A coneiderablf 
observed at these two cclipi^es, but oh thi 
able at many stations, it is desired to re 
the forthcoming total eclipse of Nov. 1 _ 

"With this end in view, MM. Scheiner and Blumbacii, of Potsdam^ 
have taken four photographs of the region where the eclipsed^ 
Mood will be. These plates have been measured by M. Eenii, of '' 
Pulkowa, who published in No. 3061 of the ' Astronomische 
Kachrichten ' a list of the places of 340 stars down to the cleveT-th 
magnitude which will be occulted at some part of the Earth durijii; 
tbe eclipse. Of these, Dr. Diillen has selected 138, which will be 
occulted at some known obsen'fttorj. He has computed the 
times and position-angles of disappearances and reappearances for 
a great number of observatories, the following beinc; the list of 
those in thu British IkIbs that have received them : — 



k 

e ■ 



Longitude. 



Nnme of Obseryatflry. 

Armagh 

Birkdale 

Birr Castle 

Cambridge 

Dublin 

Coleby Field (Wimbledon). . 

Durham 

Edinburgh 

Fembill 

Glasgow 

Greenwich^ 

Halifax 

Harrow 

Liverpool 

Markree 

Oxford (RadelifFe) 

Stonyhurst 

Tulse Hill 



Anyone else who may desiro to assist should apply for details 
of the oecultations at their station to the nearest observatory on the 
list. 

The region of totality is unfortunately somewhat barren of 
stars ! thus, in the 1884 eclipse the list for Greenwich contained 
36 phenomena, of which 16 were observed ; in 18S8 the list con- 
tained about 30, of which 15 were obsen-ed. The present list for 
Greenwich only contains iS phenomena, but some additional ones 
which take place some time before totality may possibly be observed. 
A. C. D. C. 
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The Theobt op Jupites and SATTJEN.^-Prof . G. W. Hill con- 
tributes an article to the ' Astronomical Journal ' (No. 247), of 
which the following is the substance : — 

" The discussion of the observations of Jupiter and Saturn, now 
in progress in the office of the ' American Ephemeris and Nautical 
Almanac,' has reached such a stage that we cfin exhibit the results 
in reference to the correction of the mean longitude of Jupiter as 
it is given in my new theory of Jupiter and Saturn (' Astronomical 
Papers of the American Ephemeris,' vol. iv. p. 588). Dividing 
the material into eleven groups, roughly corresponding to as many 
revolutions of the planet, values of ^L were obtained, which were 
showTi in the following table : — 



Interval. 


Mean Year. 


^L. 


Weight. 


1750-1765 


1758 


— o"-5o4 0-137 fi 


4*2 


1766-1777 


T772 


— '71— 0*037 M 


1*4 


1778-1789 


1783 


— •52— 0*063 fX 


o*9 


1 790-1801 


1796 


— I '28 — O'lII fJL 


2*8 


1802-1813 


1808 


-I '33+^'^33 f« 


5'5 


1814-1825 


1820 


— I •30-I-0-040 fx 


6*1 


1826-1837 


1832 


+ 'oi— 0*097 fX 


11*7 


1838-1849 


1844 


— *o4— 0*098 fx 


16*7 


i85o-£86i 


1856 


+ *02— 0*068 fX 


i6*6 


1862-1873 


1868 


+ •28 + o'i79 ft 


j6*5 


1874-1887 


1881 


+ *i6 + o*i39 fx 


19*0 



" In the values of SL the modifications caused by a change in the 
^^nass of Saturn are shown by the terms involving ^, an indeter- 
^ininate so chosen that fi=i" corresponds to an augmentation of 

Vessel's mass -^ by a thousandth part. The column of weights 

is added, that some idea of the degree of precision of the several 
Talues of 3L may be obtained. 

" These values can be very well represented by a linear function 
of the time, with the exception of the three belonging to the 
interval 1 790-1 825, which have abnormally large negative values. 
And the latter cannot be brought into harmony with the rest by 
assigning to fx any possible value ; in fact, the solution of the 
equations gives for fx an insignificant quantity. 

" The disagreement might be attributed to personal equations in 
the observers ; but this seems not likely, as the three values of 
1796, 1808, and 1820 are closely coincident, and yet are founded 
on material coming, in the first from Greenwich and Palermo, in 
the second from Greenwich, Palermo, and Paris, and in the third 
from Greenwich, Paris, and Konigberg. 

" Again we may suppose that there is some inequality of long 
period in the mean longitude of Jupiter not taken into considera- 
tion in the theory. If this arises from the mutual action of 
Jupiter and Saturn, the observations of the latter should more 
clearly exhibit the effects of this perturbation. However, there 
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does not seem to be any indication of an inequality in Saturn two 
and a half times as great as that which would seem to have place 
in Jupiter. 

" In order that nothing might be wanting to the clearing up of 
this difficulty, I determined to compute the terms in the great 
inequalities which depend on three times the principal argument, 
that is to say, on the argument 15^' — 6(/. These terms have 
hitherto been neglected, and from induction one would suppose 
their coefficients were at the limit of smallness, permitting their 
being passed over, at least if regard is had only to the represen- 
tation of the observations. The period of these terms is about 
310 years, and their coefficients are seemingly in the neighbourhood 
ofo"-i.'' 

Prof. Hill then works out the terms in question, finding ulti- 
mately that the mean longitude of Jupiter ought to be increased 
bv the terms 

H?2= + o"*i 15 sin (15(7' — 6g— 246" <+ 20i°'3) 
+ o"-o43 sin(i5(/'-7(/-T2o" t+3o8°), 

and the mean longitude of Saturn by the terms 

n72'=-|-o"-286sin(i5f/'-65r-246"t+2i°-3), 
+ o"-2i2sin(i4<7'-6f/-i8o"t + S5°'6), 

and concludes that the long-period inequality for Jupiter is not of 
a magnitude sufficient to remove the difficulty stated at the 
l>eginning of this article. However, it appears worth while to 
Imve t*omputed these inequalities, if the only result is that the 
doubt is rtmiovod. 



The First Satellite of Jupiter is, according to the ob8er%-a- 
tions of Pn>f. Sohiv'berle and Prof. CampbeU during August and 
St^ptomber. ** ellipsoidal, with one of its longer axes directed towards 
the centre of Jupiter. The other satellite appears to be spherical." 
This teleirram of Prof. Holden's is, like many telegrams, not quite 
clear. Art^ we to understand that the time of revolution and of 
rotation of the satellite are identii'al, as in the case of our Moon ? 
or should wo read spheroidal for ellipsoidal ? the plan^ of the two 
e\)ual axes Ix^iuir dinx^ted towards the centra of Jupiter. 

CoMKT NoTEsi. — In oouuiumicaring a fine series of observations 
of Oomot iSSo I, vBarnard, iSSS. September 2) to the * Astr. 
JvMirra!,' a s<^nes extending over two years. Prof Barnard remarks 
that NX hat ,Hp|vari\i to K^ .nr. anomaWs ta:l to this Comet in 1SS9. 
June, has Kvn e\p^.nint\i by Prvn R!>eiiiohin as simply au effect of 
jvrs}vv!i\e dae to the gn^i distance. This comet was, in fact, 
oK^*r\t\l at a distaniv oxiWviinj: the aphelia of nearly all the short- 
ix^riivl ivmets, and siu^^s:* ou::e now jx^ssibiKries in cometanr 
ol^si^nation. It w^s st^robovi for carefully in iSoi, bat coald not 
W found with ibo ;^-nu*h Tea>sA>iv of the lick Ohsenratoir. The 
la$t ohsiorxation is \iat«\i iSoc, St^piemK*r 7, 
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Comet 1 89 1 I. (Barnard-Denning) was observed at Windsor 
(N. S. Wales) by Mr. Tebbutt up to July 3, at the Cape by Mr. 
Pinlay up to June 1 5, when its declination was — 46°, and at Cordoba 
till July 9, '* when its light had diminished so much that it was 
lost under the faintest illumination of the micrometer threads." 

The orbit of Comet 1890 II. has been investigated by Herr 
Bidschof, who finds it slightly hyperbolic. In the autumn this 
year the comet will be only one-tenth the brightness of the last 
opposition ; but as it may still be picked up, Herr Bidschof gives 
the following ephemeris (Ast. Nach. no. 3059) : — 







Xv..a^ 


Deol. 




RJ 


L. 


De 


cl« 




h 


m s 


/ 




h m 


s 





/ 


Oct. 31. . 


10 


10 26 


+ 12 21*9 


Nov. 20. . 


10 8 


26 


+ 11 


34*1 


Nov. 4. . 


10 


10 22 


+ 12 10-5 


24. . 


10 7 


30 


+ 11 


27*2 


8.. 


10 


10 9 


4-12 O'l 


28.. 


10 6 


21 


+ 11 


21*2 


12. . 


10 


9 45 


+ 11 507 


Dec. 2 . . 


10 5 





+ 11 


i6-o 


16. . 


10 


9 II 


+ 11 41-9 













Tempel-Swift's periodical Comet was picked up by Prof. Barnard 
on September 27, and independently by Mr. Denning (whose 
capacity for seeing faint objects with a comparatively small instru- 
ment seems to be remarkable) on September 30. Prof. Barnard 
describes the object as " extremely faint." The following 
ephemeris is given for Berlin midnight : — 





B.A. 


Decl. 




R.A. 


Decl. 




h m s 


/ 




h m s 


i 


Nov. I . . 


21 26 2 


+ 7 3*4 


Nov. 17. . 


22 22 14 


+ 14 I2*0 


5-- 


21 37 6 


+ 8 37-5 


21. . 


22 41 54 


+ 16 i8-o 


9.. 


21 49 59 


+ 10 19-3 


25-- 


23 4 6 


+ 18 26-6 


13 • 


22 4 59 


+ 12 I2'I 


29. . 


23 28 48 


+ 20 33-2 



A bright Comet was discovered by Barnard on October 3, 
R. A. 112° 51', N.P.D. =117° 54', which is now out of reach of 
northern observers, though southern may find the following 
ephemeris useful: — 



Decl. 



B.A. 

h m 

o < 

Nov. II.. 12 22*3 —56 26 
23- • 13 29-5 -55 4 



Decl. 



R.A 

h m o , 

Dec. 5. . 14 177 -52 32 

17. . 14 52*6 —49 40 

Wolf's periodic Comet is still bright throughout November, 
though it is moving south. Ephemeris : — 

Decl. 

-2 3(^7 

-4 34'8 
—6 25*0 

-8 S-9 
-9 36-4 





RA. 




h m B 


. I.. 


4 40 51 


5-- 


4 39 39 


9.. 


4 37 57 


13- 


4 35 50 


17.. 


4 33 26 





R.A. 


Ded. 


Nov. 21.. 


h m s 
4 30 51 


/ 

-10 SS'S 


25.. 


4 28 10 


— 12 2*9 


26. . 
Dec. 3 . . 


4 25 31 
4 22 58 


-" 58-5 
— 13 42-2 
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Winnecke's periodic Comet will be fairly bright in April next, 
but Dr. Haerdtl gives an extended ephemeris in the hope of its 
being picked up early ; though its brightness is now only o*oi of 
that on April i. 



Nov. 



I.. 

5.. 
9.. 

13 • 
17.. 



h 
II 



E.A. 

m 

4 

9 

14 

19 




7 

13 
18 

21 



24 23 



Decl. 

O / 

+ 15 2'6 

14 45*3 
14 28*7 

14 13-0 
13 58-3 





B.A. DeoL 




h m 8 , 


Nov. 21.. 


II 29 22 +13 44-6 


25.. 


34 20 13 32-1 


29. . 


39 IS 13 20-9 


Dec. 3 . . 


44 7 13 ii'3 



Encke's Comet was observed on Oct. 4 at Gottingen, in E.A. 
11% Dec. +11° 1 5* '7, but no ephemeris is to hand for 
November. 



II** II" 



Eaestall in 1 89 1. — ^There is a general impression of there 
having been of late an excessive rainfall. We hear on many sides 
of floods and inundations, and in parts of the country during the 
present summer the rainfall appears to have been considerable. 
As regards the vicinity of London, it may tend to steady our 
thoughts if we give some particulars of the rainfall as recorded at 
the Eoyal Observatory, Greenwich. 



1891. 



Bainfall. Average. 



in. in. 

Januaiy 1*563 1*989 

February ... 0*054 1*484 

March a*i43 1*461 

April 0*718 i-66i 

May 2*688 2*003 

June 0*962 2022 

July 3*388 2*470 

August 3*715 **35o 

September ... 0*819 2*251 

October 4*3^7 2*811 



Departure 
from 
average. 

in. 
—0*426 
-1*430 
+0*682 
-o*943 
+0*685 
— I '060 
+0*918 
+ 1*365 
-1*432 
+ 1*506 



Rainy 
dajTs 
1891. 



17 

4 

17 
8 

18 

II 

17 
22 

12 

20 



Aver- 
age. 



15 
15 

13 

13 
II 

12 

13 
13 
13 
15 



Departure 
from 
average. 

+ 2 
— II 

+ 4 



+ 

+ 
+ 

+ 



5 
7 
I 

4 

9 
I 

5 



In the first quarter of the year there was a defect of i'i74 in., in 
the second quarter a defect of 1*318 in., and in the third quarter an 
excess of 0*851 in. In October the excess was 1*506 in., so that up 
to October 1 89 1 , the defect for the year was still 0*135 i^* Amounts 
greater than 5 inches have been recorded in October in the years 
1841, 1846, 1855, i^^Sj iS^o (=7*65 in.), and 1882. During the 
year 1891 there have been two daily falls exceeding 075 in., one 
on August 2 =o*886 in., and one on October 22 =0*774 in. The 
rainy days in 1891 have been 146, average = 133. The impression 
of excessive rainfall may have been given from the circumstance 
that the rainfall was at times spread over a considerable number of 



hours. Ill February and April it will be noted that the days of 
rainfal! were very few. The February rainfall was indeed phe- 
nomenal, W. E. 



The discovery of minor plaueta advances at such a rapid paea 
that it becomes difficult to keep proper aceount of them. Messrs. 
Palisa and Charlois seem to monopolize this particular branch, aud 
since our last notice in the May number they have added 12 to 
the list, niaking a total of 321. Of the five discovered during 
September, four are placed to the credit of Charlois, who has an 
inferior instrument but 3 better sky than the Vienna observer. 
The supposed now planet discovered by Palisa on August 14 turns 
out to be identical with Medusa (149). 

Minor planet No. 306 has been named Unitas, and 309 
'Emtendtae. 



Iw the ' Astronomical Joui'ual ' Ko. 246, Prof. Rlasenapp gives 
the orbit of S j86. He makes a period of i5o'8 years. 

In the same number S. W. Burnharo gives recent measures of 
the two double stars ; 

Pieiticm-Biigle. Ciataiiee. £poeli. 

^ Delphini 33i°'6 o"-38 1891-45 

85 Pegasi, AB 151-8 o -78 1891-56 

AC 354 "7 24 -58 1891-56 

And J.M. Sohaaberle gives an ephemeris for 85 Pegasi to the end 

of present century. 



Wk regret to hear of the death of Franz Friedrioh Ernst 
Briinnow at the age ol nearly 70. Though his active astronomical 
career was cut short by ill-liealth some years ago, it was already a 
long and important one. He was appointed Director of the Bilk 
(nearDiisseldorf) Obserratory in 1847. and while there produced 
an important memoir on De Vico's comet, as well as a very suc- 
cessful text-book on spherical astronomy. From 1851 to 1854 
■ Briinnow was at Berlin as First Assistant, but was colled from 
there to the United States, where he was prominently connected 
with the observatories of Ann Arbor (Michigan) and Albany, and 
edited the 'Astronomical Notices,' In 1S66 he was made Astro- 
nomer Uoyal for Ireland, and two volumes contain his work on 
Stellar parallax of this date ; but be resigned this post in 1874 on 
account of overwork and weakness of the eyes. He died on 1891, 
August 20, of heart disease. 

Also of Professor Ferrel, of the United States, one of the 
foremost meteorologists of our time. He paid great attention 
to the mechanics oi the atmosphere, treating questions con- 



)2 Notes. 



L~ 



ected therewith by strictly scientific methods. IMfeny of 
lis papers are to be found in the U.S. official publications, 
md were not greatly known ; hue one of his later .separate 
works, "A Popular Treatise on the Winds," has probably en- 
joyed a wider circulation. In it he treats of the general motions 
of the atmosphere, and of monsoons, cyclones, waterspouts, &c., 
and he gives therein the results of his investigations and conclusions 
on these and related subjects. The work forms a valuable addition 
to meteorological literature, and the loss of its author is keenly 
felt by the meteorologists of all countries. 

Also of Dr. J. C. Lamp, on September i8, at Davos. Dr. Lamp 
commenced his astronomical life in Bothkamp, in the observatory 
of Herr von Biilow; but in 1888 he returned to Berlin, and was 
the most zealous of assistants to Dr. Auwers from that time until 
lung-trouble developed itself, and cut short a most promising 
career at the age of 34. 



CoNGBATULATioNs to Mr. A. M. W. Downing on his appoint- 
ment as Superintendent of the * Nautical Almanac," in succession to 
Dr. Hind, who will resign at the end of this year. Mr. Downing's 
contributions to Astronomy have generally dealt with large masses 
of figures, and his long term of service at the Eoyal Observatory, 
Greenwich, will be utilized to manifest advantage in his new 
sphere of activity. He is a Secretary of the Royal Astronomical 
Society, and was recently one of the Editors of this excelleilt 
magazine. 

The Newall Telescope and dome are all but completely mounted 
on their new site at Cambridge, and Mr. H. F. Newall has built 
himself a house close by, whence he has been superintending the 
erection. Anyone who has had a similar experience knows the 
severity of such work, and will wish Mr. Newall a speedy and 
successful termination to his more fatiguing labours. 

To Double-Stab Obseevees. — Prof. S. W. Bumham is pre- 
paring a general catalogue of all stars discovered by himself, and 
would be glad to receive any unpubHshed measures of these stars, 
Nos. I to 1224. 

An excellent article by the Rev. A. L. Cortie, S.J., on " Some 
recent Studies on the Solar Spectrum," which originally appeared 
in ' The Month,* has been reprinted, and will well repay anyone 
who takes the trouble to acquire and peruse a copy. 

We have not yet heard of any steps being taken towards 
^-"ir a successor to Mr. Pogson at the Madras Observatory. 
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^VXBETING OF THE EOYAL ASTRONOMICAL SOCIETY. 

Friday, November 13, 1 89 1 . 

lieut-Gten. J. F. Tbnnant, C.I.E., R,E., F.R.S., 
President, in the Chair. 

Secretaries : E. B. Knobel and A. M. W. Downing, M.A. 

'he Minutes of the last Meeting were read and confirmed. 
Mr, Downing. One hundred and ninety-one presents have been 
^^>«ceived since the last Meeting. Amongst those calling for special 
^•^^lention are : — J. E. Gore, ' Star Groups,' presented by the Author ; 
'^. Cooke & Sons, ' Adjustment and Testing of Telescopic Objec- 
t^ives,' presented by the Authors 5 F. W. Very, ' On the Distribu- 
"^ion of the Moon's Heat, etc' presented by the Author; * Lick 
^Dbservatory Reports of Observations of the Total Eclipse of the 
Si^^un, Dec. 21-22, 1889,' presented by the Lick Observatory; T. W. 
^^ackhouse, * The Structure of the Sidereal Universe,' presented by 
'tzhe Author ; L. Struve, ' Bestimmung des Mondhalbmessers,' pre- 
sented by the Author ; C. Flammarion, ' Copernic et la decouverte 
^u Systeme du Monde,' presented by the Author ; Dr. W. Huggins, 
** Address delivered at the Cardiff Meeting of the British Associa- 
tion 1 89 1,' presented by the Author; Th. von Oppolzer 'Traite 
^e la determination des Orbites des Cometes et des Planetes, trad. 
J)ar E. Pasquier,' presented by Mr. R. E. S. Cooper ; J. A. C. 
Oudemans, * Triangulatiou von Java,' Abth. iii., presented by Prof. 
Oudemans ; J. K. Rees and H. Jacoby, ' Catalogue of Negatives of 
"the Sun, Moon, and Stars, taken by Lewis M. Rutherfurd, 1858- 
78,* presented by the Authors ; Photographs of Spectra of Solar 
^Prominences taken by Prof. Gt. E. Hale, presented by Prof. Q. E. 
Sale; lack Observatory, Photograph of Jupiter and Photograph 
cf the duster in Hercules, presented by the Lick Observatory ; 
VOL. nv. 2 G 
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Two drftwiuga of Jupiter, presented bj Mr, G. T, Gwilliam 5 
Blnter'a ArmUlary Sphere, presented by Prof, filater. 

A vote of thatdia was accorded to the doDora of the presents. 

Mr. Downiiiij 1 >ad aji extract from I'rof, Holden's letter which 
accompanied the photograph of the Cluster in Hercules, presented 
by the Lick Observatory : — 

"1891, Sept iS. 

"... 1 am sending a positive copy on glass of a negative tal.en 
July 28, 1891, by Prof. Campbell and myself with the great 
telescope. The copy is not as good as the negative, and the nega^ 
tivo is not as good as it onght to be. Still you can se^ some very 
interesting features. The eaaieat to make out are dark channels 
ill sets of 3 Jr duplicating the 3 channels figured by Lord 
Kosae in the Phit. Tnina. If we call the intersection of such 
diaimela x, there are 13 x's on our negative of Aug. 25, 1891. 
These have been verilied visually, and some of them are shown 
vei-y well on a beautiful negative of theClustfir which Mr. Roberts 
kindly sent ua. 

" The trifid nebula haa channelsof the same sort, as you remember. 
Tliore are various other features worth noting, of which I will not 
Biieak now. To bring them out clearly we need an exposure of 4 
hours on a night without wind. Our longest exposure has been 

Tht Pfe»'ahut, 1 examined the photograph of Jupiter the other 
day, and was much impressed with the definition of important 
parts of tlie planet, and particularly with the estremely numeioua 
detaila visible upon the belts. 

Mr. iiuiiiiard aaked if it would be possible to show this beautiful 
]}liutograph on the screen. 

Mr. Knobd. We will endeavour to do so, but the photograph 
is HO very granular that I fear the result wilt not be very satis- 
factory. 

The pbotograoh was ptoiected later in the evening, and the 
details on the belts were weU seen. The red spot was very sharp, 
as also WHS the disc of a satellite just after transit egress, the 
shadow of the satellite beinff still upon the disc. 

Mt: Knobel read a paper by Mr. E. E. Barnard, entitleil " Ob- 
servations of the Spots and Markings on the Planet Jupiter, made 
with the 1 2-inch Equatorial of the Lick Observatory." The Planet 
has shown a remarkable amount of detail during the present 
opposition. The aouthem hemisphere exhibited the great red 
spot, which has regained much of its former distinctness in colour 
and form, and new red spots have been formed in addition to a 
large number of white spots. These latter markings are charac- 
teristic of the southern hemisphere, though individual white spots 
have been seen on the northern half. A number of small dark 
spots have been formed on the northern regions, and these have 
eslraordinarily short periods of rotation, Obseri'ations have been 
timdn of tlie relati\e lifrht and size of the four moons, and these 
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will be continued. The fourth satelHte seems to vary considerably 
in its light. 

Detailed observations are given of a small oblong dusky spot in 
the southern hemisphere ; of the small black spots in the northern 
hemisphere which formed during the present year in identically 
the same location as a similar group in 1880 ; of a new oblong 
red spot which formed near the great red spot in August 1890, 
the origin of which is probably connected with the great red spot ; 
of the large white spots in the southern hemisphere, one of which 
skirted the red spot without any apparent change of latitude ; of 
the long red spot in the southern hemisphere ; of the great red 
spot, and of the phenomena of the satellites. 

The great red spot seems to be stationary in longitude, its 
motion appearing to be the same as that assigned to Marth's 
System II. It still remains the slowest rotating object on the 
planet. 

The first satellite has not been seen double since the observation 
on Sept. 8, 1890, and later observations of the phenomena rather 
discourage the idea of actual dupHcity, although the conditions for 
reobservation will not be most favourable until 1892. 

The satellite has been seen egg-shaped when in relief on the 
dark belt, both by Mr. Burnham and myself, and this cannot be 
due to any malformation of the satellite, since that object has 
always appeared perfectly round only a few minutes before the 
elongated phase, the transition being rather sudden. This parti- 
cular phase and the apparent duplicity is explained by a bright 
belt on the satellite, and as the pointed end is sometimes preceding, 
and at other times following, Satellite I. must rotate on its axis in 
a time different to its period of revolution. 

After observing the planet for some twelve years, I can scarcely 
advocate the theory that the visible surface of Jupiter is cloud 
surface. It would be more consistent with observed phenomena 
to suppose the surface to be in a plastic or pasty condition, the 
belts and markings being merely discolorations in this due to 
internal irruptions. The permanence and the changes of colour 
of the markings are against the cloud theory. One might com- 
bine the two theories, and account for the shortcomings of the 
plastic theory by supposing local clouds of steam at or near the 
surface. I do not know to what extent the smaU density of the 
planet may militate against this, but the theory seems certainly 
worthy of consideration. Perhaps this theory has been advanced 
before, as it seems a natural one ; if so, I have not seen it. 

Mr, Knohel read another paper by Mr, Barnard on " Colour 
Changes in the Markings on the Surface of the Planet Jupiter." 

A careful study of the numerous details during 1 2 years has 
led to the discovery that the red colour of any marking is an 
indication of age. When a spot first appears it is dark, but after 
some time turns red. No deviation from this ride has been dis- 
oorered. The black spots in 1880, and the similar spots in 1890^ 

2g2 
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ferx/ij Wk'mni styii, Thfi ii*iw red ^p^A. M'hich eiliibited no trace of red 
iij Au^^iujl iH<jC, w now ike i/i06t conepicuous object on the planet 
mui lb of a dir3<?|> j'<?d colour. Inquiries into the historv of the 
^reat r4^ kjxA bhow that in the earlr observations in 1872 bj Mr. 
Conler (*Oliservatory/ vol. v. page 21) "its colour was not noted 
tm rttd" fUiii ol>«iervatioijH by JJr. Terbj confirm this. From a 
knowUidt^ti ol' ilm lime occupied by the dark phase of the spots, I 
Ibjjjk it would \Hi H&ia to Kay tliat the great red spot was not many 
jjioijiIjh old when utmn by Mr. Corder and M. Terby in 1872. 

'VhiH viih*' (of colour cljange) SfM^ms to apply also to the equatorial 
littU,, llio dark |)ortiouH being naw or recent formations. 

A/ 1'. KniihfL YiiiiA VL paper " On the supposed Duplicity of the 
V'wnl Hii\M\\\U'i of Jupihir, ' by A, Stanley Williams, 

Willi rt^feniiKte to Mr. Jkrnard's observation of the apparent 
4lu|jlii'ity of iSiitAjUito I. on Hept. 8, 1890, 1 would ask whether the 
ohtiurviul pliojionieim may not Imve been due to the satellite being 
rtdtiu in tninKit as a dark Hpot close to a dark spot on the surface 
lit Jiipittu*. Mr. iiarnard'H observation was interrupted, and it 
wuH nut [)()Hrtibh^ to follow the satellite closely owing to the pre- 
rttmi'o ol' visit oi'H, or tho iliftVrenco in rate of motion could not in 
rtui'h luiso huvo i^sca[>tHl Innn*:; noticed. Mr. Barnard's explanation 
ol* his ohsorvution appeal's to nio inadequate, since it would require 
tho stttl^llito to be nuieh larger than it actually is. On Sept. 5, 
1S90, thrt^o ilays Ih'I'oiv Mr. -Burnaiirs observation, the aceom- 
|Uinying sketeh-inap was made with a di-inch Calver reflector, 
powers ISO and 225, of the equatorial rt^gions of the planet 
Ik^twivn S^' 14'" and 1 1'' -7'" Cr.M.T. The little dark spot marked 
" (» " was in mid-transit at 8^ 42"', and therefore followed the zero 
meriilian i»t' Sysieui I. of Mr. Marth's Ephemeris (• Monthly 
Notiivs/ vol. 50, p. J46) by 3^ j;o"»*7. The motions of the mark- 
ings last year agnvd closely with the ephemeris, aud a few days 
would make no appr^viable di^ert^uee. The dark spot would 
tr>m>it cheivtore at i^'' jd"**; Cf.M.T. on Sept. Sth, and, according 
10 the Nauiioal Ahuunae, the Saiellite was iu uud-transit on that 
nighi III 1 5'' J 7". It w onld then^^fore be seen projected on the bright 
sui'tiiv.v ot the oviLiatoriid zone just north of the spot *' 'U' and the 
ap^vurikiuv ot the two woidd be exactly that represented by Mr. 
t^nuird iu tig. 4, plare 14* 

/•/•. "<..nUA. S.^\erul years u^o I mado :i nujnber or experiments 
on I lie ^[',Le>Lion oi: the ritinsics of Jupiter's :>arellires, and I reeL 
k.viiv'AK-ed that most of the nlieuomena 'jr'veu b^" our American 
.•.'.i'" t-''*- .i:v J'.Lo oiiiiivlv to ooi::r:fcst. Suice the aauounc-^menr "jr 
Ml*. Btu'fuii-u ot rlie ;.uvba'?le d^Lvlicicv of tie drsc jUDrLLi:.- .uid ji 
I Lie ogi;->iiatVd .i;.»pea:*a:ice ic- scmiecimes as^jiioiL-s diiriuii trinsir. E 
'in\e 'Uiidc iLi'Choi* oxperiments wiiicii ooudrm the results L pr?- 
viouavly obcaiued. L: you take an oniinary small wiiice iisiv ind 
ullow It to U'au>it a larger one, -.Lsim: the limt-jgur :o iiluminare 
h)Vi. tiieu if :he reiati\e doijeees of jrigaciie«» of the -iisks 
-uv aboui ((uul 'o those o. Jupit^'r aud ^is ir*r satellite, rhe 
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ordinary phenomena of transit are produced. With a bright belt 

on the disk representing the satellite the same effects are seen, 

when it transits a bright belt of the disk representing Jupiter. 

If this disk is transferred, however, to a dark region on " Jupiter," 

then the elongated form is produced ; and I have thus artificially 

produced the egg-shaped form seen by Mr. Barnard with the 

planet and its satellite. It must be remembered that irradiation 

makes the bright belt appear larger than the darker portions, and 

I think my experiments place the explanation of this egg-shaped 

appearance beyond dispute. 

Mr, Knobel, Mr. Barnard states in his paper that the Satel- 
lite I. now transits the southern dark equatorial belt of Jupiter, 
a.iid therefore cannot be easily seen as a dusky spot during transit. 
There was a transit of this satellite on Saturdav last, which I 
ohserved, and when the satellite entered on the disk it appeared 
j>erfectly bright. After it had passed on to the disk about a 
c^uarter of the apparent diameter of Jupiter, I could see it as a 
^usky spot and not as a bright one. The satellite was clearly seen 
on the southern belt. It is possible, therefore, at the present time 
"fco observe the transits of the satellite, even although the dark spot 
xnay not be so pronounced as when observed by Mr. Barnard. 

Copt. Noble. I was struck by two remarks in Mr. Barnard's 

j)apers. The first was in connection with what he says about the 

probable plastic condition of the superficial markings which we 

see on Jupiter. He points out that the red spot has been the 

slowest in rotation of any object on the disk. 

Mr. Stanley Williams, if I remember rightly, watching the planet, 
caw a white spot advancing towards the red spot, and he was in- 
i}erested to ascertain whether this white spot would go above or 
helow the red one. It went below it and reappeared on the other 
side. It has struck me, then, whether the red spot may not be a 
protuberance of what we may call the substance of Jupiter him- 
self ; in fact, that it may be a portion of the red-hot material of 
the planet protruding through the plastic superficial visible sur- 
roundings of Jupiter. 

Mr. Ranyard. The difference in periods of rotation of Jupiter 
indicated by different markings on the planet has, I think, been 
fully proved previous to this paper by Mr. Barnard ; his observa- 
tions confirm what was previously known. Of itself this is suffi- 
cient evidence that we do not see the surface of Jupiter, but that 
the bright spots and dark markings we see are in a gaseous enve- 
lope. Some years ago I put together, in a paper published in the 
' Monthly Notices,' all the observations of occultations of stars by 
Jupiter, and I think showed that there was ample evidence that 
stars and satellites, when occulted by the limb of Jupiter, do not 
disappear suddenly, but can be seen apparently projected on the 
limb of the planet — that is, really through its atmosphere — for 
several minutes after contact, A yth-magnitude star was thus 
seen by Prof. Pickering through at least a depth of looo miles of 
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Jupiter's atmosphere, and its light disappeared and appeared again 
several times. The markings we see must therefore be in a deep 
gaseous envelope. This fact and the different periods of rotation 
are either o£ them alone sufficient to disprove the plastic theory. 
There seems to be strong evidence of a connection between sun- 
spot activity and the markings on Jupiter, and it is interesting to 
hear that there is now rapid change takLig place in the bright 
and dark markings on Jupiter with the increase of snn-Bpot 
activity •. 

Mr. Turner. As one whose work is in an entirely different 
direction from the study of planetary detail, I should like to 
express the satisfaction one feels to know that we have observers 
like Mr. AVilliams and Mr. Denning in England who are capable 
of entering into friendly rivalry with Mr. Barnard and other 
American observers. 

Mr. Jhwlett. How long could a double satellite exist with com- 
ponents revolving in such close proximity as the double suggested 
by Mr. Barnard without diawing together and forming one satel- 
lite? 

Mr. Banyard. What would be the pressure of two such masses 
looo miles in diameter? At the point where they touched their 
mutual gravity would crush them together, even if made of iron. 

'I%e President. I am afraid the last questions must remain for 
the present unanswered, for there is nobody present to give a 
dogmatic response. In asking you to accord your thanks to 
Jlr; Barnard and Mr, Williams, I would point out that those who 
take the trouble to go into these questions of planetary detail are 
doing very useful service to astronomy, although perhaps it is not 
a very pretentious one. 

Mr. Turner read a paper on " New Forms of Levels" by Dr. A. 
A. Common and himself. 

The question of new forms of levels may seem a very small 
matter, but it is for purposes of accurate astronomy a very im- 
portant one. The great (fifficulty about the ordinary form of" level 
is the want of uniformity of the scale. On the occasion of the 
recent determination of the longitude Paris— Greenwich, we foimd 
it necessary to spend a great deal of time in examining this point. 
Equal divisions on the glass cylinder of the level do not corre- 
spond to equal differences of inclination, I was led, therefore, 
to devise a new form of level in which the bubble is always 
brought to the same part of the tube by means of a micrometer- 
screw that can be used to raise or lower one end of the glass tube. 
The amount of rotation of the screw to bring the bubble central is 
read off as in the ordinary micrometer, and this replaces the 
scale reading of the ordinary form. 

• In 1S70 I wrote a jjnper in the ' Monthly Notioes ' drawing atteotioo to 
scvCTal ooinoidenecs previous to that date between perioda of euu-spot activity 
and periods of rapid change upon Jupiter. Sinca that date we have had papi^ 

ohanae taking „U™ t »o- ._ ^^{^ ^^ ^^^^ BUnnmot activity, and ~ 

10 of nctivitj on both tf - " ^ ••—■■■ 
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Astronomers are familiar with the investigation of errors of a 
screw, and the errors of the level screw can be more accurately 
ascertained than the errors of scale reading of a level. Certainly 
"fclie error of the screw would not be greater than the present scale 
error, and would probably be less. The object of the screw was 
xiot so much to reduce the accidental error of a reading as the 
systematic error. The new level would render it necessary (i) 
That in future four readings should be taken instead of two; 
"this meant a longer operation, but the increased systematic 
accuracy would more than counterbalance the additional time. (2) 
The time spent in the calibration of the scale would be no longer 
necessary. (3) In this form of level the part of the scale which 
was used might be selected at will, and the best part of the tube 
always used. (4) There was always a tendency to stop short of 
the true position in the ordinary form of level, but in the present 
form errors due to this tendency could be determined by bringing 
up the bubble in opposite directions with the screw. (5) There 
were some cases in which levels were fixed to the instrument, as 
in the case of an altazimuth at Greenwich, and were supposed to 
be always in adjustment. After standing for several days, and 
particularly after rapid changes in the weather, these levels were 
often seriously out of adjustment, so that the bubble was off the 
scale. This led to inconvenient delay ; whereas if the new levels 
were used, and adjustjnent were made part of the ordinary every- 
day use of the instrument, no inconvenience would occur. 

The second part of the paper was due to Dr. Common, who 
suggested that instead of the ordinary bubble with its variable 
length and other inconveniences, an entirely new form of level 
should be made. It was really a modification of the Bohnenberger 
eyepiece, and consisted of a small horizontal telescope mounted on 
legs as in the striding level, with a reflecting prism attached to the 
object-glass, so as to reflect light passing from the eye-end 
downwards on to a surface of mercury, from which the light 
would be reflected back along the tube. By placing illuminated 
wires at the focus of the object-glass, the Hght from the wires 
would be reflected back to the same plane as the wires. A micro- 
meter screw would enable the wires and their image to be made 
exactly coincident. 

The instrument was illustrated by a sketch on the blackboard. 
Mr. Turner said he felt that any such additional method of 
determining level, which was an independent one, was very 
valuable. 

Mr, Brett, How do you know that you have got a true 

cylinder to your level — the cylinder, I mean, in which the liquid 

moves ? Tou have some method of determining that I presume ? 

If the cylinder is not regular in shape, the size and shape of your 

bubble will vary, and there is no use in measuring it. 

Mr. Turner. That is the difficulty with the ordinary form. 
3?he bubble is not always the same size owing to changes of tern- 
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perature, or the same shape owuag to errors of form in the 
cylinder. With the new form of level you are not concerned 
with different parts of the tube, for as the bubble is always 
brought to the same portion of the tube for the two readings 
in reversed positions, any variations in the tube have no effect 
whatever. 

Mr. LecTcy, If there was a speedy method of getting the 
centre of a bubble by a proportional compass or otherwise, then 
many of the difficulties of the present form would disappear, and 
instead of a mark at each end of the level one fiducial point could 
be marked on the centre of the glass, to which the centre of the 
bubble could be brought with more accuracy than the ends of the 
bubble to the two fixed marks. I have often throught that the 
" Circular floating collimator " invented by the late Captain Kater 
deserved more notice than it has received as an instrument for 
use with the Transit instrument, for by reversion it combines 
both level and collimator. Many years since I had one in use, 
made by a friend of mine, in the South of Ireland. 

Mr. Plummer. The difficulty, 1 think, is that the bubble under 
different temperatures is of different lengths. There should be 
some sort of chamber, so that when or before the micrometer is 
turned the liquid can be compressed or released so as to get the 
same length of the air-bubble under all circumstances. 

The President, I think the subject which Mr. Turner has 
taken up is a very old one. I recollect looking into the subject 
when I was in the constant habit of using levels. I have no 
doubt that Mr. Turner's idea will give great facility and greater 
accuracy in reading levels. There are other things, however, that 
we can do. The exact mode of making levels used to-day is 
described, I think you will find, in Pearson's ' Astronomy/ and 
we have not advanced since that time. Tou will find the present 
system of making levels is about as unsatisfactory as possible, 
especially the manner of obtaining the uniform scale. There is no 
security whatever that the level shall be a good one, except the 
tests with the bubble-trier. When I was a member of the 
Trigonometrical Survey of India, I tried, amongst other things, 
to devise a better level than we have. I abandoned the cylindrical 
tube altogether, and used a circular curve cut out of one side of a 
solid prism of glass. This I expected would be more sensitive 
than the present form, but I never was able to carry it out. 
[Black-board illustration.] 

At present we use a very light and volatile fluid in levels, but 
this is not essential. In 185 1 Prof. Piazzi Smyth exhibited 
some levels in which he used heavier fluids, and he found these 
more sensitive in every way ; he also used a supplementary 
chamber as suggested by Mr. Plummer. The important thing is 
to get a fluid in the level of considerable density and mobiHty, 
and if you make your tube of the particular form shown in the 
black-board diagram, you would probably be able to use mercury, 
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which would have a great number of advantages over the levels 
filled with ether now in use. Mr. Turner's suggestion is, I 
beKeve, a good one, but we can do something to improve the curve 
of the level and to alter the liquid ; certainly something should be 
d-one to alter the very unsatisfactory state of levels. 

Mr. Brett. Why not use chloroform as the liquid? It is 
extremely heavy and extremely mobile, and would be a much 
better liquid to use. 

A vote of thanks was passed to Mr. Turner and Dr. Common 
for their paper. 

Dr. Spitta read " A note on some Photometric Experiments 
connected with the Application of the Law of limiting Apertures 
"to Small Object-Glasses." In some experiments connected with 
"the paper read before the Society in November last, certain 
^oubtf id and equivocal results immediately followed the application 
of a diaphragm to the telescope in use, and these were of so pro- 
nounced a character that the use of such means for reducing the 
intensity of the luminant had to be abandoned. A doubt had 
always existed as to whether it was scientifically accurate or strictly 
philosophical to apply the law of limiting apertures to an object- 
glass, considering its compound nature and different modes of 
manufacture. The accompanying table gives the results obtained 
from photometric tests of objectives by different makers, English 
and foreign. The first column gives the distinguishing name of 
the 0.G-. examined ; the second and third its aperture and focal 
length ; the fourth and fifth the actual ratios photometrically 
obtained when the aperture was lineally reduced to one half and 
one quarter respectively. 

Table of Ratios Photometncally obtained, 

ins. ins. 

I. Alvan Clark 6-5 93 i : ^-^ i : ^^^ 

n. Tulley 3-1875 46-5 i:^ ' * TJ" 

HI. Clerkenwell 2*625 42 1:^7- i • — ^ 

J ^ zoj 1 170 

IV. Watson 2*8125 41 ^'^^ i : -^ 

V. G^rubb 2-875 40-8 1:^^ i:-^ 

VI.AandN 2-375 24-75 i-^Vy ^-T^ 

These results were also embodied in curves exhibited by means 
of the lantern. 

An examination of the table and the curves shows that in all 
cases, except perhaps the Alvan Clark, the rays passing through the 
outer zones do not contribute to the intensity of the focal image as 
much as theoretically they should. It would seem that focal length 
is not a factor of importance, but I submit that a solution of the 
difficulty very probably lies in the aplanatisation of the respective 
glasses. Fei^ection of definition is sometimes effected, uncon- 
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Dr. MSIliT, of P<Mad»n, «<aHiiiie witlt ■ Z^lno- pkOtataeAer, 
rednwd hi* aperture in ancfa nitioa i&at the ronpoted niaes of 
tlie bvt of bnDisneT of a star were i'0742. 0-7059, and 0-4437, 
but tM obtwred ratios were ^36^5, 0-3439, and 0-2687. He 
fonnd, after the aperture had been reduced one-Jtolf, tite obseired 
and coinpat«d ratioi had a tendency to agree. With a Iiu^r 
ti>lMcope a. e. one of 135 mm. aperture) the differencee between 
oim-rveA and canpnted ratios became ahnoet ni7. 

Wolff, after experiiDente with an object-glass of 37 mm. 
(liatneter, coroe* to macb the game cooclusion, although, as a 
niattj^ of fact, he did not push his investi^tions any further with 
the re^luction of aperture to telescopes of larger dimensions. 

Tlu Aitrimomer Royal. I should like to ask Dr. Spitta whether 
\>ti think* the araall aperture of the object-glasses photometricaijj 
tiiNt«d liw aiiything to do with the imperfections he has noticed. 
Tbit i)iii!>tioii ii whether these small object-glasses he bus used 
httVH been a» carefully made as larger ones are, and, therefore, 
wlietber hin results are altogether conclusive. "W'e know that 
Itnalt ohjec1.-gla8iM.'§ are in many eases meant to be used as finders, 
and optioiari" do not take so much trouble in figuring them aa they 
do with largiT objeet-glassea for observing purposes. The first 
on Dr. B])itta'a table is of 6^ inches diameter, and that is, I 
think, a fair aperture for testing ; but when we come to 2^ inches, 
01' iometbing like that, I should very much doubt whether sufficient 
care liiii been taken in figuring these small object-glasses to enable 
us lo iimfltftbly apply these crucial testa to them. 1 would also 
auk whni' W(«n.4 the apertures of the objects-glasses Dr. Miilier has 
pxaminnd. 
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Br, Spitta, With regard to what the Astronomer Royal has 
said, I would say that the TuUey object-glass was specially made, 
and is supposed to be of the first class. He was specially commis- 
sioned to make that telescope, and it was used years ago by no less 
authority than Prof. Pritchard for eclipse observations. The focus 
is remarkably fine, but the light-ratio is very poor. 

Mr, Plummer, As to the small object-glasses, I think the com- 
parison given by Dr. Miiller is very instructive, because those 
:figures were obtained by testing the object-glasses of the Zollner 
photometers. The diameter of these object-glasses is small, about 
2^ inches, I think, very comparable with those measured or exa- 
mined by Dr. Spitta. Dr. Miiller says that when he applied pho- 
tometric observations to the intensity of the images formed in 
larger telescopes, and compared them with results obtained by 
limiting the aperture of the same telescope, he found that the 
agreement of the results ^^'as practically perfect. 

Does Dr. Spitta consider the alteration in size of the diffraction 
image, when the aperture is diminished, would affect the results 
given in his diagram ? 

Dr. Spitta, I did take that into consideration, and for that 
reason I used the compound wedge in these experiments, thus 
getting over that difficulty entirely. 

A vote of thanks was passed to Dr. Spitta for his paper. 

Mr, F, McClean read a paper on " Comparative Photographic 
Spectra of the San and Metals. — Series I. and II." 

I wish to lay before the Society two series of photographic 
spectra, in which the spectra of the Sun and of fifteen metals enume- 
rated are mounted in parallel sections in order to facilitate com- 
parison and identification of the Hues. Series 1. contains spectra 
of the Sun, iron, platinum, iridium, osmium, palladium, rhodium, 
ruthenium, gold, and silver. The last eight constitute the platinum 
group of metals. Series II. contains the spectra of the Sun, iron, 
manganese, cobalt, nickel, chromium, aluminium, and copper. 
These seven metals constitute the iron-copper group. Each series 
consists of six sections, corresponding in scale to Angstrom's 
charts. The air-spectrum is always present when an electric 
spark is passed between metallic electrodes in air, but a special 
series of photographs are requisite to obtain it at its best. ■ It is 
also necessary to eliminate fines due to impurities in the speci- 
mens of metals employed as electrodes. Iron, calcium, and 
barium are the chief impurities. The fluting attributed by Thalen 
to aluminium oxide is shown in the aluminium spectrum. The 
spectra of iridium, ruthenium, and rhodium are, I believe, practi- 
cally new work, and so, I think, are some of the other spectra of 
Sections I. and II. Identification of iron, chromium, manganese, 
cobalt, and nickel can be readily made, but it is impossible to get 
complete results until impurities are eliminated and a double set 
of photographs obtained. The spectra extend from wave-length 
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3800 to wave-length 5750 tenth-metres, or from H to 
The mounted photographs are reproduced by the Direct Photo- 
Engi'aviog Company, and the white lines unfortunately beHMme 
a little coaraer ia the process, but I hope the photographs Tnay 
be of some service to others engaged in spectrography, 

Mr. Banyard. During a visit to Mr. McClean, I was very 
much struck with the remarkable care he is givijig to this very 
difficult research. The photographic and electrical difficulties are 
great. The photographn are beautifully sharp, the scaJe is the 
same as that of Angstriim, and the mounting is most accurate. 
The common lines in the spectra are seen in exactly the same 
straight line down the whole series, and there is really beautiful 
definition in many of the aiiectra. 

The PruiiJent. 1 am afraid there ia hardly anybody here who 
can comment with much advantage upon Mr. McClean's work. 
The fact is that it requires an enormous amount of care and 
attention to turn out work of this kind, and when Mr. McClean 
gives UB the full benefit of it, we can only feel grateful, and cannot 
criticise. We are very thankful to Mr. McClean for the yeiy 
great service he has performed. 

Dr. Common read a paper entitled " Note on some Photographi 
of Jupiter taken with the 5-foot Reflecting Telescope." The paper 
is not intended to be a detailed description of the photographs, but 
was brought forward to tell the Society of a new mirror that haa 
been made for the five-foot telescope, and of the experiments made 
with the new mirror since July with the object of testing the light- 
grasping power and the defining power. For this preliminaiy work 
Jupiter was very conveniently situated, and has been photographed' 
directly at the focus, and also by the use of various enlarging 
lenses attached to a special enlarging-npparatus. The images vary' 
from about -^fth of an inch in diameter, that being the size withoat^ 
enlargement, up to an inch and a half, the greatest enlai^ment 
yet attempted. The results, speaking generally, hove been very 
satisfactory. 

The shortest possible exposure (obtained by hand-rotation of ft' 
circular shutter in front of the plate) gave a very good image of"! 
Jupiter at the direct focus. The exposure was certainly less thaa 
-jljth of a second, and yet the hells and other markings on the 
planet were easily visible with a lens. Extending the exposure to 
2 seconds " burnt out " the detml on the planet, but showed all the 
satelhtes with sufficient density to be easily recognized, and their 
angular distance from the centre of Jupiter could be easily measured 
from the photographs. Enlarging the planet to half an inch in dia- 
meter increased the necessary exposure to from 3 to 6 seconds. 
jjarger sizes were obtained by the use of other enlai^ng-Ienses. 
After making a series of photographs of the planet, I was very 
much surprised to find that with the planet Y^o^hs of an inch in 
diameter, and an exposure of S seconds, not only were details on 
the belts shown, but a satellite in transit could be easily recogmsed. 
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and the shadow also made out. Satellites ofi the disc, but close to 
it, were also distinctly shown with round well-defined discs. 

A series of photographs of Jupiter were shown by the lantern 
ajid the details in each photograph pointed out by Dr. Common. 

A vote of thanks was accorded for the paper. 

The following papers were announced : — 

T, W. Backhouse. ** Note on S. W. Burnham's invisible Double 
Stars." 

Lieut,-Qen. Tennant, " On the Orbit of Spitaler's Comet (Ylh 
1890)." 

E, E. Barnard. " Colour-changes in the Markings on the Sur- 
:£ace of the Planet Jupiter." 

E. E. Barnard. " Observations of the Spots and Markings on 
"the Planet Jupiter, made with the 1 2-in. Equatoreal of the Lick 
Observatory." 

E. W. Brown, " On the Determination of a certain Class of 
Inequalities in the Moon's Motion." 

S. W. Burnham, "Measures of Planetary Nebulae made with 
the 36-inch Equatoreal of the Lick Observatory." 
i.. S, W. Burnham. " Corrections and Additions to the Observa- 
tions of Sirius." 

Royal Observatory^ Greenwwh, " Mean Areas and Heliographic 
Latitudes of Sun-spots in the year 1890, deduced from photographs 
taken at Greenwich, at Dehra Dun (India), and in Mauritius." 

Royal Obset^vatory^ Greenwich. *' Observations of Wolf's Peri- 
odical Comet (6 1891)." 

H. H. Turner and A, A, Common. " On new Forms of Levels." 
A. Stanley T^ illiams. " On the supposed Duplicity of the First 
Satellite of Jupiter." 

W. H. Maw. " Double-Star Measures 1888-91." 
H. Jaxxiby. " On the Eeduction of Transit Observations by the 
method of Least Squares." 

Bev. A. Freeman, " Eeappearance of Saturn's Ring." 

E, J, Sjpitta. " Note on some Photometric Experiments con- 
nected with the application of the Law of Limiting Apertures to 
Small Object-glasses." 

F. McClean. " Comparative Photographic Spectra of the Sun 
and the Metals : Series I. & 11." 

A. Marth, " Ephemerides of the Satellites of Saturn, 1891-92." 
A. A. Common, " Note on some Photographs of Jupiter taken 
with the 5-foot Reflecting Telescope." 

Prof. A, Cayley, " Note on the Lunar Theory." 

Oliver J, Lodge^ D,Sc,^ F.R.S., Professor of Physics, University 
College, Liverpool, was duly elected a Fellow of the Society. 
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The following Candidates were proposed for election as Fellows 
of the Society : — 

E, B, LeeSy Orbost, Victoria, Australia (proposed by R. L. J. 
Ellery) ; Prof. J, S. Slater, Civil Engineering College, Subpore, 
India (proposed by A. M. W. Downing) ; J, de Mendizdhal Tam- 
hcrrel, 13 Calle de Jesus, Mexico (proposed by E. B. Kjiobel); 
Arthur Thornton, M.A,, Mathematical and Science Master, Giggles- 
wick School, Torks. (proposed by E. W. Brown) ; W, Livingstone 
Watson, Ky ton, Abemethy, Ayrshire (proposed by Dr. E. Copeland). 



MEETING OF THE EOYAL METEOEOLOGICAL 

SOCIETY. 

The first meeting of the present Session was held on Wednesday 
evening, the i8th November, at the Institution of Civil Engineers : 
Mr. Baldwin Latham, M.Inst.CE., President, in the Chair. 

Eleven new Fellows were elected. 

Mr. E. H. Scott, F.E.S., gave an account of the proceedings of 
the International Meteorological Conference, which was held at 
Munich, from August 26th to September 2nd. 

The following papers were also read : — 

1. " Account of an Electric Self-recording Eain-gauge," by Mr. 
W. J. E. Binnie, B.A. This is a very ingenious instrument, and 
has boon constructed on the assumption that all drops falling from 
an oritict) or tube are identical in weight, so long as the dimensions 
of the orifice are not varied. 

2. " (.)n Wet and Dry Bulb FormulsB," by Prof. J. D. Everett, 
F.H.S. This is a criticism of the methods investigated some years 
u^o by M. August and Dr. Apjohn for determining, by calcu- 
hitiou, the maximum vapour-tension for the dew-point from the 
ttuiipcM'atures of the dry and wet bulb. Prof. Everett^lso criticises 
i ho values adopted by Eegnault, and says that in presence of the 
uncertainty as to a rational formula, he thinks Mr. Glaisher did 
wisely in constructing his table of factors, which give the dew- 
point approximately by the most direct calculation which is 
ttdinissible. The inherent difficulties of hygrometric observation 
and deduction are great, and have not yet been fully overcome. 

3. "Eesults of Meteorological Observations made at Akassa, 
Niger Territories, May 1889 to December 1890," by Mr. F. 
ituHsell, F.E.G.S. This is in continuation of a former communi- 
eution rcjspecting the same place. After detailing the results of 
th(i various observations, the author says that this period was very 
unhtuilthy, and the year 1890 especially so. The weather was 
e\o(^pti()nally dry, with small-pox and phthisis amongst the native 
i>t)pulution. The West Coast reports generally were also un- 
favourable in reference to the condition of resident Europeans, and 
at the principal ports quanuitine regulations were put in force 
couHe(iutmt upon an outbreak of yellow fever in places situated to 
the Muuth-west. At Bonny ten deaths occurred from November 
io February out of a population of some sixteen Europeans. 
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THE BEITISH ASTEONOMICAL ASSOCIATION. 

The first ordinary Meeting of the second Session was held on 
Nov. 25 at Barnard's Inn Hall, Holborn, the President, Capt. W. 
Noble, P.E.A.S., in the Chair. 

Mr, Elger gave a precis of the report of the Lunar Section 
which he presented to the Association, and which will be pub- 
lished shortly. He also read papers on the recent lunar eclipse 
by Miss Everett, Mr. G-ore, and Mr. Eadmore. The President 
and the Rev. A. Freeman both described their observations, 
but differed much as to the colour of the eclipsed Moon, the 
former describing it as reddish green, the latter as bluish 
grey. Mr. Ranyard remarked on the difference of the appearance 
of the Moon in different eclipses ; Mr, Maunder referred to 
Dr. Boeddicker's recently published observations as showing that 
the Earth's atmosphere reached a height of 190 miles. Mr. 
Downing pressed the importance of observing the times of passage 
of the shadow over the different formations, which Mr, Elger 
thought could only be observed to the nearest minute, but the 
Rev. A. Freeman to the nearest five seconds. Mr, Ranyard and 
Mr. Kennedy referred to Prof. Eastman's photographs of a lunar 
eclipse, and to the difference between the shadow as seen by the 
eye and as shown on the photographs. 

Mr, Elger read a paper by Lt. Molesworth on a method of 
ascertaining whether the Moon had an atmosphere, concerning 
which the President stated that his disbelief in the existence of 
such an atmosphere had been greatly increased by an observation 
of an occultation of Saturn. 

Rev. A. Freeman read a paper on the transit of the shadow of 
Titan, and pointed out that the shadow of Ehea would traosit on 
the morning of Dec. 2. Mr. Cottam had observed three such 
transits of Titan's shadow in 1861 with a 2f-inch telescope. 

Mr. Schooling exhibited and described his apparatus for astro- 
nomical photography, and especially recommended the use of short- 
focus portrait-lenses for photographing nebulae, and expressed his 
hope that a Photographic Section would soon be set on foot. 
Mr. SeahroTce spoke of his own experiments in celestial photo- 
graphy, and Mr. Kennedy advised placing the plate at an angle of 
45° as a speedy method of ascertaining the focus, whilst Mr. Petrie 
urged the necessity of the Association forming a collection of 
lantern-slides. 

Mr, Holmes read a paper on the proportion of light transmitted 
by refracting telescopes, which he said was much less than was 
commonly supposed, whilst the efficiency of a good reflector was 
greater than many imagined. A good 1 2-inch reflector was about 
equal to a 12 -inch refractor. 

Twenty new Members were elected, and five candidates were 
proposed for election at the next Meeting. 
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An Astronomer^s Work in a Modern Observatory. 

[Continued from p. 375.] 

I PASS now to another recent result that is of great cosmical 
interest. 

The Cape photographic star charting of the southern hemisphere 
has been abready referred to. In comparing the existing eye esti- 
mates of magnitude by Dr. Gould with the photographic determin- 
ations of these magnitudes, both Professor Kapteyn and myself 
have been greatly struck with a very considerable systematic dis- 
cordance between the two. In the rich parts of the sky, that is 
in the Milky Way, the stars are systematically photographically 
brighter by comparison with the eye observations than they are in 
the poorer part of the sky, and that not by any doubtful amount 
but by half or three-fourths of a magnitude. One of two things 
was certain, either that the eye observations were wrong or that 
the stars of the Milky Way are bluer or whiter than other stars. 
But Professor Pickering, of Cambridge, America, has lately been 
making a complete photographic review of the heavens, and by 
placing a prism in front of the telescope he has made pictures of 
the whole sky like this. [Here two examples of the plates of 
Pickering's spectroscopic Durchmusterung were exhibited on the 
screen.] He has discussed the various types of the spectra of the 
brighter stars, as thus revealed, according to their distribution in 
the sky. He finds thus that the stars of the Sirius type occur 
chiefly in the Milky Way, whilst stars of other types are fairly 
divided over the sky. 

Now stars of the Sirius type are very white stars, very rich 
relative to other stars in the rays which act most strongly on a 
photographic plate. Here, then, is the explanation of the results 
of our photographic star-charting, and of the discordance between 
the photographic and visual magnitudes in the Milky Way. 

The results of the Cape charting further show that it is not 
alone to the brighter stars that this discordance extends, but it 
extends also, though in a rather less degree, to the fainter stars of 
the Mnky Way. Therefore we may come to the very remarkable 
conclusion that the Milky AVay is a thing apart, and that it has 
been developed perhaps in a different manner, or more probably 
at a different and probably later epoch from the rest of the sidereal 
universe. 

Here is another interesting cosmical revelation which we owe to 
photography. 

You all know the beautiful constellation Orion, and many in this 
theatre have before seen the photograph of the nebula which is now 
on the screen, taken by Mr. Eoberts. 

Here is another photograph of the same object taken with a 
much longer exposure. You see how over-exposed, in fact burnt 
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out, the brightest part of the picture is, and yet what a wonderful 
development of faint additional nebulous matter is revealed. 

But I do not think that many persons in this room have seen 
this picture, and probably very few have any idea what it repre- 
sents. It is from the original negative taken by Professor Picker- 
ing, with a small photographic lens of short focus, after six hours' 
exposure in the clear air of the Andes, 10,000 feet above sea-level. 
The field embraces the three well-known stars in the belt of 
Orion on the one baud, and /3 Ononis (Eigel) on the other. Tou 
oan hardly recognize these great white patches as stars ; their ill-. 
defined character is simply the result of excessive over-exposure. 
IBut mark the wonders which this long exposure with a lens of high 
intrinsic brilliancy of image has revealed. Here is the great nebula, 
of course terribly over-exposed, but note its wonderful fainter 
jramifications. See how the whole area is more or less nebulous, 
and surrounded as it were with a ring fence of nebulous matter. 
TThis nebulosity shows a special concentration about /3 Orionis.. 

Well, when Professor Pickering got this wonderful picture, 
inowing that I was occupied with investigations on the distances 
of the fixed stars, he wrote to ask whether I bad made any obser- 
Tations to determine the distance of /3 Orionis, as it would be of 
great interest to know from independent evidence whether this 
very bright star was really near to us or not. It so happens that 
the observations were made, and their definite reduction has shown 
that /3 Orionis is really at the same distance from us as are the faint 
comparison stars. /3 Orionis is, therefore, probably part and parcel 
of an enormous system ui an advanced but incomplete state of stellar 
evolution, and that what we have seen in this wonderful picture is 
aU a part of that system. 

I should explain what I mean by an elementary or by an advanced 
state of stellar evolution. There is but one theory of celestial 
evolution which has so far survived the test of time and comparison 
with observed facts, viz., the nebular hypothesis of Laplace. La- 
place supposed that the Sun was originally a huge gaseous or nebu- 
lous mass of a diameter far greater than the orbit of Neptune. I 
say originally^ do not misunderstand me. We have finite minds ; 
we can imagine a condition of things which might be supposed to 
occur at any particular instant of time however remote, and at 
any particular distance of space however gi'eat, and we may frame 
a theory beginning at another time still more remote, and so on. 
But we can never imagine a theory beginning at an infinite distance 
of time or at an infinitely distant point in space. Thus, in any 
theory which man with his finite mind can devise, when we talk of 
originally we simply mean at or during the time considered in our 
theory. 

Now, Laplace's theory begins at a time, millions on millions of 
years ago, when the Sun had so far disentangled itself from chaos, 
and its component gaseous particles had by mutual attraction so far 
coalesced as to form an enormous gaseous ball, &r greater in dia- 

VOL. XIV. 2 H 
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meter than the orbit of the remotest planet of our present system. 
The central part of this ball was certainly much more condensed 
than the rest, and the whole ball revolved. There is nothing im- 
probable in this hypothesis. If gaseous matter came together from 
different parts of space such coalition would unquestionably occur, 
and, as in the meeting of opposite streams of water or of opposite 
currents of wind, vortices would be created and revolution about 
an axis set up such as we are familiar with in the case of whirl- 
pools or cyclones. The resultant would be rotation of the whole 
globular gaseous mass about an axis. 

Now this gaseous globe begins to cool, and as it cools it 
necessarily contracts. Then follows a necessary result of contrac- 
tion, viz., the rotation becomes more rapid. This is a well-known 
fact in dynamics, about which there is no doubt. Thus, the cooling 
and the contracting go on, and simultaneously the velocity of rota- 
<}ion becomes greater and greater. At last the time arrives when, 
for the outside particles, the velocity of rotation becomes such that 
the centrifugal force is greater than the attractive force, and so the 
outside particles break off and form a ring. Then, as the processes of 
cooling and contraction proceed still further, another ring is formed, 
and so on, till we have finally a succession of rings and a condensed 
central ball. If from any cause the coohng of any of these rings 
does not go on uniformly,or if some of the gaseous matter of the ring 
is more easily liquified than others, then probably a single nucleus 
of liquid matter will be formed in that ring, and this nucleus will 
finally by attraction absorb the whole of the matter of which the ring 
is composed — at first as a gaseous ball with a condensed nucleus, 
and this will finally solidify into a planet. Or, meanwhile, this yet 
unformed planet may repeat the history of its parent sun. By 
contraction, and consequent acceleration of its rotation, it may throw 
off one or more rings, which in like manner condense into satellites 
like our Moon, or those of Jupiter, Saturn, Uranus, or Neptune. 
Such, very briefly outlined, is the celebrated nebular hypothesis of 
Laplace. No one can positively say that the hypothesis is true, 
still less can any one say that it is untrue. Time does not permit 
me to enter into the very strong proofs which Laplace urged in 
favour of its acceptance. 

But 1 beg you for one moment to cast your imagination back to 
a period of time long antecedent to that when our Sun had begun 
to disentangle itself from chaos, and when the fleecy clouds of 
cosmic stuff had but commenced to rush together. "What should 
we see in such a case were there a true basis for the theory of La- 
place ? Certainly, in the first place, we should have a huge whirl- 
pool or cyclone of cosmic gaseous stuff, the formation of rings, and 
the condensation of these rings into gaseous globes. 

Eemembering this, look now on this wonderful photograph of the 
nebula in Andromeda, made by Mr. Eoberts. In the largest tele- 
scopes this nebula appears simply as an oval patch of nearly uniform 
light, with a few dark canals through it, but no idea of its true 
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form can be obtained, no trace can be found of the significant story 
'which this photograph tells. It is a picture that no human eye 
unaided by photography has ever seen. It is a true picture drawn 
'without the intervention of the hand of fallible man, and unin- 
fluenced by his bias or imagination. Have we not here, so at least 
it seems to me, a picture of a very early stage in the evolution of 
a star-cluster or sun-system — a phase in the history of another 
star-system similar to that which once occurred in our own — millions 
and millions of years ago — when our Earth, nay, even our Sun 
itself, " was without form and void," and " darkness was on the 
face of the deep " ? 

During this lecture I have been able, to trace but very imperfectly 
the bare outlines of an astronomer's work in a modern observatory, 
and to give you a very few of its latest results — results which do 
not come by chance, but by hard labour, and to men who have 
patience to face dull daily routine for the love of science — to men 
who realize the imperfections of their methods and are constantly 
on the alert to improve them. 

The mills of the astronomer gi-ind slowly, and he must be infinitely 
careful and watchful if he would have them, like the mills of God, 
to grind exceedingly small. 

I think he may well take for his motto these beautiful lines : — 

" Like the star 
Which shines afar, 
Without haste, 
Without rest, 
Let each man wheel 
With steady sway, 
Round the task 
Which rules the day. 
And do his best." 

David Gill. 



The New Binary Star, 13 6480. 

B.A.C. 6480 is a naked-eye star, generally classed as sixth mag- 
nitude, near y LyraB. It precedes the latter i™ 57", and is 14' 
north. In the course of the observations of the 12" companion to 
yLyrsD (02 544) in Juue 1878, with the Chicago i8|-inch 
refractor, I found that the neighbouring star was a close and 
unequal pair, and at that time a difficult object with that instru- 
ment. It was measured on two nights, and again in the following 
year. A recent set of measures with 36-inch telescope shows 
rapid change in both angle and distance, and renders it certain that 
this star belongs to the class of binaries with comparatively short 
periods. It has a proper motion of o"*20i in the direction of 
141^-0. It is obvious that this movement is common to both 
components, as otherwise the distance in 1891 would be about 3", 
with the position-angle about the same as in 1878. 

2u2 
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The following are all the measures to this time : — 



1878-47 


3i2°-5 


o"'6o 


6-0 


9*5 


/S 2il 


1879-47 


298 -3 


'66 


6-5 


9-0 


/3 in 


1891-33 


247 -7 


I -26 


6-0 


10-3 


p Sn 



This pair is now a very easy object, and should be easily seen 
with any good refractor of seven or eight inches aperture. It is 
desirable that it should be measured annually for a few years to 
get sufficient data for a computation of the period. 

Lick Obseryatory, Oct. 20. 8. W. BuElsrHAM. 



Double Stars for December, 

ThJs following interesting double stars are well placed for obser- 
vation in December. They may all be observed with a telescope 
of moderate aperture. 

0. Struve 50. E.A. 3^ i^ Dec. +71° 6' (1880); Mag. 7-5, 7-5. 
A slow-moving binary. 

2io°-8i i"-o5 1886-41 Tarrant. 

Struve 367. E.A. 3^ 8"^, Dec. +0° 18' (1880) ; Mag. 7-4, 7-6. 
229°*4 o"-84 i888*o6 Leavenworth. 

Struve 422. E.A. f 31"", Dec. +0° 12' (1880); Mag. 6, 8-2. 

Slow motion. 

242°-9 5"*9i 1877-0 Plummer. 

40 Eridani. E.A. 4** 10™ 13', Dec. — 7° 49'-5 (1890). 

Triple, 4, 9, 11. 9 and 11 form a binary pair in rapid motion, 
of which recent measures are : — 

iii°-o3 3"*oi 1886-92 Tarrant. 

106 -08 2 *94 1888-84 Bumham. 

105 '05 2 -81 1888-87 Tarrant. 

100 -0 2 -68 1890-73 Burnham. 

Struve 535. E.A. 4^ 17^, Dec. +11° 6' (1890-0) ; Mag.' 7, S'S. 

333°'S I "-38 1888-47 Leavenworth. 

331 -75 1 -87 1888-94 Tarrant (A.N. 2991)- 

Struve 566 = 2 Camelopardali. E.A. 4** 30™, Dec. +53° 15' (1880)- 

Mag. s-8, 7-5. 

• Slow motion in angle. Distance nearly constant. 

289^-78 i"-6o 1888-03 Tarrant. 
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Stnive 577. E.A. 4** 34"*, Dec. +37° 17' (1880) ; Mag. 77, 77. 
Slow motion in angle. Distance nearly constant. 

73°*o3 i"-52 . 1888-96 Tarrant (A.N. 2991). 

14 {i) Orionis^OS 98. E.A. 5^ 2^ Dec. +8° 21' (1890); 

Mag. 6, 6*8. 

A binary in retrograde motion. Period 190^ years (Gore). 

i93°'32 o"'95 1 888' I Schiaparelli. 

193 '4 o '98 1888*90 Leavenworth. 

J. E. QOEB. 



Seleuugraphical Notes, 

EBATOSTHEiirES. — This noble ring-plain, which forms so appro- 
priate a termination to the towering escarpment of the Lunar 
Apennines, is, like the neighbouring Copernicus, more frequently an 
object which attracts the passive admiration of the desultory 
observer and his friends than the critical scrutiny of the seleno- 
grapher. In truth, if viewed at that particular stage of sunrise 
when the interior is about half illuminated, it presents so many 
details on its brilliant rampart and beyond, that, in attempting a 
sketch, it is so difficult to eliminate those delicate lights and subtle 
gradations of shadow, which are merely the transient effects of 
sunlight, from other markings which indicate important physical 
characteristics, that we are often constrained to abandon what 
appears to be an hopeless task. 

Schmidt, writing of Copernicus, says : — " Careful study directed 
to its unequal beauties and magnificent form is of more value than 
that devoted to a hundred other craters." With very slight modi- 
fication the same may be affirmed of Eratosthenes, which is 
scarcely surpassed by any other lunar ring-plain, excepting by that 
which has no rival. 

Isolated drawings of this formation, doubtless for the reason 

just given, are rare. The most recent, and certainly one of the 

most beautiful, was made by that accomplished lunar draughtsman, 

Dr. L. Weinek of Prague, and is dated 1887, Dec. 23, 6^ to 7** 15". 

The phase, however, was not favourable for showing details on the 

floor, the only object visible in the interior being the highest peak 

of the central mountain -mass, just emerging from darkness into 

sunlight. In Schmidt's map Eratosthenes has evidently suffered 

much at the hands of the engraver — salient and important features 

being masked by the gross prominence given to others of quite 

minor importance. This is more especially true as regards the 

great mountain-arm extending from the south-east side of the 

formation to the west of Stadius. 

The best view of the many terraces on the inner slope of the 
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east wall is obtained when the east long, of the morning terminator 
is about 17°. It is then apparent that Schmidt has not exag- 
gerated their number ; for, at times of best definition, in addition 
to these broad intervening valleys, which cannot be less than two 
miles across, where they are at their widest, many other concentric 
grey markings of a more delicate character are visible, which poiut 
to the existence of much narrower and shallower features of a 
similar type. In many instances, both here and elsewhere, as all 
who use his map well know, he draws these valleys as crater-rows, 
or rather as rows of craters which, through encroaching one on 
the other, have lost their individuality as distinct depressions, and 
exhibit only a'scalloped edge on either side of the valley, which is due 
presumably to their presence. High powers and good atmospheric 
conditions are needed to decide whether he is justified in repre- 
senting these valleys as crater-rows so frequently as he does. The 
fact, however, that so many of the coarser concentric depressions 
on the ring-plain slopes are clearly of this character, tends to 
strengthen the belief that some of the more delicate valleys would 
exhibit the same structure under greater magnification. 

On February 17, this year (7^ 30™ to 8^ 30°"), I noted, in addi- 
tion to a number of valleys, broad and narrow, on the inner slope 
of the east wall three oval depressions, like large pits, near its 
foot. They were in a line and were parallel to the edge of the 
floor. At 8^, the extreme point of the shadow of the highest peak 
on the central mountains appeared to touch the foot of the inner 
slope of the east border. Observers do not agree very closely as 
to the shape or extent of these mountains, bright and prominent 
as they are under oblique illumination. Schmidt shows a large 
round mountain, nearly central, another similar to it, midway 
between it and the southern side of the floor, a much smaller one 
north-west of the centre, and a fourth a little north of the centre. 
Madler draws a long mountain near the centre, with two small 
circular hills on the east and a third on the west. Webb speaks of 
" a fine central hill,'' and Neison of " three central peaks placed in 
a triangle." I have observed Eratosthenes very many times during 
the past twenty-five years, but never, when the central mountains 
were favourably placed, saw any such arrangement of them as is 
drawn or described by these observers. Instead of the greater 
portion of the mountain-mass lying, as Schmidt describes it, south 
of the centre, I find it on the opposite or northern side. It 
appears to me thus — two large bright circular mountains on either- 
side of the centre, situated at the southern ends of two slightly^ 
curved arms (convex towards the east) in the shape of the letter y » 
the point of junction of the arms being at no great distance from 
the inner foot of the northern wall. The peaks, of which there 
are at least four, are certainly not far from the centre, and the 
northern section of the mountain is also of considerable altitude 
and is as bright under a morning sun as the rest. Schroter 
represents this mountain much in the same way as I see it. About 
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^«ill Moon all tliat ia visible in tlie interior art- tive brillisnt points 
of light, three of which are north of the centre. 

The most remarkable object beyond the limits of Erotosthenos 

ifi the great mouatuin. arm on the south-east, which, extending 

'towards Stadiiu, ultimately forniB tht; moi<t conapicuouB section of 

"fcha west wall of this very obscure ring. To see this region at its 

aaiost atriking phase, the time should be chosen when the wrU- 

liDown crater-row uorth-west of Copernicus is just within the 

znoming terminator. The massive double -peaked shadow of the 

arm then falls beyond the craters, and ita aoutheru edge ia bordered 

Ijy crowds of bright little depressions. Among them stands the 

*no large crater, Stadius B, encircled by a ring of five or six glit- 

"tering craterlets, which render it one of the most beautiful objects 

of its class. There is a prominent crater in the col between the 

two peaks on the mountain arm, and another, not shown in the 

maps, on the eastern plain near its foot, the two objects aligning 

with Stadiua B. Tnos. G-wyn Eujee. 



CORRESPONDENCE. 

To the Edhora of ' The Obseruatery.' 
The Varpiftff Lighlneaa of Nights. 

GEISTLEifEN, — 

With reference to Mr. W. F. Denning's remarks in your 
May number, p. 197, on the varying degree of lightness o£ the 
sky at nights, in which he states that during the Perseid period of 
188a the sky was especially light, X may say that this phenomenon 
must have extended over a large area of country, as I noticed it 
at the same time, while traTelling in 8avoy and Switzerland. I 
presume Mr. Denning's observations were made in England. My 
observations show the correctness of his statement that the light 
is not due to anyphenomenon low down in the atmosphere, for on 
the night of Angust to, when the light was most remarkable, I 
was on La Fl^fire (near Ohamonix), altitude 5900 feet. The 
light was 80 great that even at midnight Mont Blanc looked per- 
fectly magnificent, every detail being distinct, though the summit 
is distant nine miles from La Fleg^re. On that night the sky was 
nowhere very clear, and there were irregularities in the light, 
probably owing to thin clouds ; but I do not find this always to 
be the ease on light nights, for sometimes they are quite as clear 
as, if not clearer than, dark nights, even very faint objects, such as 
the fainter parts of the zodiacal light and small stars, being clearly 
visible, though of course their distinctness ia aomewfiat hindered 
by the light. 
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Mr. Denning does not Bay anything about the existence of any 1 
aurora liuring tho Peraeid period of i88o, though I have a note 1 
thai bright auroras were recorded even in the southern parts of the 
British Isles on the nth and lath. 

Tours faithfully, 

SunrtBi-lfnid, i89i,0«t.i6. T. W. BaOKKOUBB.' 



The Cause of Vanalions in Levels. 

Gbktlbmen, — 

In your report of the Meeting of the S, A. S. you are 
unahle to give the form of level I proposed. I would therefore 
refer tiioae interested to a paper in Vol. ixix. p. 302 of the 
' Monthly Notices.' 

If you woald allow me a little space, I should like to eay that 
the main cause of the variatioaa of the length of the bubble of a 
spirit-level is the expansion of the light volatile fluid in the level 
whose vapour forms to a great extent the bubble. The volume of 
this fluid is so great in the present form of level, that but for » ■- 
portion of the vapour being condenaed on its expansion the tubo' I 
wouJd be burst. The consequence is the inconvenience of Bhort ■ 
bubbles in summer and excessively long ones in winter, to the very 
great inconvenience of observers, and the necessity of considering 
temperature as detennining the scale, even when dislevelraent is 
very small. 

To mercury as a fluid for the level, it may be objected that the 
edge against the glass will be rounded and not sharp. Thai;, of 
course, equally applies to the fluids now nsed; and everyone knows 
the importance of the mode of lighting the present level-bubbles, 
and the fact that with change in the mode of lighting serious 
differences o£ reading can be made. This can be avoided with 
mercury by enclosing a small quantity of a flnid in the tube, which 
shall at once wet both the glass and the mercury ; a solution o£ 
corroaive sublimate (mercuric chloride) was the medium I propose^ ■ 
to use; unfortunately, I cannot now say where the snggestida, 1 
came from, but I thiri it will be found to answer the purpoaa. 
A much greater objection to mercury is the risk to brass inBtm- 
ments and graduations on silver or gold. But mercury is not 
essential. The form of level I propose would much reduce the 
proportional volume of the fluid, and hence the great variation in 
the bubble length witli temperature, whatever the fiuid used. The 
form of the longitudinal section could possibly be optically tested 
for truth, at all events it could be made far more truly than now, 
and the mode of reading the ends could be greatly improved ty,_ 
uii-tbods with which T need not now occupy your space. 

Tours faitifuJIr, 

J. F. Tbssaht..^ 
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Solar Pholoi/raphic Lenses. 

G-KSTI.EMK5, — 

If you can afforii the space, w-iH you kindly describe tlie 
nmplifying lenses or system of lenses used in prorlucing the eu- 
Ifli^ed photographs of the Sua taken at joar observutory and 
elsewhere iHreei in the teletcopet Is a concave amplifier or Bnrlow 
lens employed or a positive projector? and are the lenses photo- 
graphically correct'Cd ? In good air are the images of the spots 
and edge of ihe Sun satisfactorily tharp and well defined ? What 
degree of enlargement is practicable, and what is the sisu of the 
magnified image of the Sun taken at Greenwich ? Whftt are tlie 
largest photographs of the 8nn, also of the Moon, taken direct in 
the telescope by some sort of projecting lens, ejcelusive of the Lick 
toleseope photographs? LfijCTESH. 

[The magnifier used to enlarge the primary image in the photo- 
heliograph now in use at the Eoyal Observatoiy, Greenwich, is a 
photographic doublet {a double meniscus, the lenses being a^ inches 
apart) ot i'4 inches aperture and 4*2 focal length. The mngniflea- 
tion employed is 7 '6 times. This gives a sharp image over the 
greater part of the Sup's disk, but leares a little to be desired for 
the limb and centre. Aa the image iii the primary focus is almost 
exactly one inch in diameter, the resulting enlarged image is about 
7^ inches. The largest photographs of the Sua taken direct in 
the telescope are those taken at Dehra Diiu, India, 12 inches in 
diameter.— E. W. M.] 



Berne Time and the ' Nautical Almanac' 
Gentlbuen, — 

Yielding neither to General Tennant nor to anyone else in 
my personal aateem and regard for Dr, Ilind, I must beg you, in 
bare justice, to give me space to state that, had I had the sUghtest 
idea that his resignation was so imminent and that he had edited 
his last ' Nautical Almanac,' my letter in your September number 
would never have been written. Faithfully yours. 

Forest Lodge, MareafieJd, WlLLIAM NOBLH. 

UckHald, iS9i,Nnv. 4.. 

Saturn's Ring. 

Gbntleilbs, — 

I enclose a copy of a letter which I quite recently sent to 
the ' Morning Post ' : — 

"Early this morning, betweeu 5" 30" a.m. and 6'' lo" a.m., I 
saw most distinctly both the ansie of Saturn's King. The colour, 
of them was a vivid though pale blue. The western ansa was 
brighter than the eastern or following ansa. The ring where it 
crossed the planet was represented by a dark hand rather broader 
than the western ansa at its junction with Saturn's disk. The 
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north edge of this baud was of a straugi 
colour of the ring in ita ]mssage acroati the disk of the planet 
an effiH-t. of contrast. TW oi'ange lint is caused hy our looking at 
tlie disk through thu aenii-ti-anaparent part of the ring. Yeaterdaj 
morning (Sunday) was so cloudy as to hide every celestial object froi 
view. But on Saturday, Oct^oher 31, the hlue anste were certainly 
not visible in a cloudless eky at 6* 25"° a.m., nor were they visiblff' 
October 30 at 6" 10™ a.m., nor on October 29 at 5* 55"" 
My inference is that the plane of the ring passed through the Bun 
on the morning of Sunday, November i, when the planet was 
hidden by cloud. The line joining the centres of Saturn and the 
Earth waa inclined about 2° 8' to the plane of Saturn's fiing at 
6*' A.M. this taorning. My telescope is a refractor hy Simtne, 
having 6 in, aperture, with a magnifying-power of 180, The phe- 
nomenon of the passage of the ring-plane through the centre of 
the Sun will not occur again until 1907, July 29." 

Tours faithfully, 
Murston Hcotory, SitlicgbouniB, Nc)t. 1. A, Frebman. 



Note on Bright Transit ofJupilei-'s Satellite I. and Black 

Transit of Satellite III. 
Gentt.f.mbn, — 

Two olservations of transits of Jupiter's Satellites of more 
than ordinary interest have recently been made here. Since they 
are perhaps worthy of record, I have pleasure in forwarding tbem 
to your valuable journal. During transit on 1891, Sept. 3 (Sept, x, 
22" 17" Q.M.T.), a few days before opposition. Satellite I. wa^*" 
risible throughout as a bright spot in contact with ita shndows, om 
the south equatorial belt. It was st«adiJv held, thongh faint, whrail 
central on the disc. 1891, Oct. 9, Satellite HI. was set 
transit by Mr. K. T. A. Innes, P.R.A.S., and myself as ai 
t«nsely black spot. Ingress was not observed, but an hour latae" 
the satellite appeared at first glance the most conspicuous mar] 
on the planet, remaining so until twenty minutes before 
when it faded rapidly and was lost at 10" 5™ Sydney M.Tr 
10'' 8" it became visible as a light spot very near the limb, and 
once increased in brightness. Egrees was noted as follows : — 
Internal contact 10'' g^'J. Bisecfion 10'' i3""3. External con- 
tact !□'' i9°''3. Ingress of shadow was recorded:- — Exteraal con- 
tact 10'' lo^'S. Bisection lo"" i3"'8. Internal contact lo* zo^-S. 
It will be seen the ' Nautical Almanac' times are somewhat inej 
The satellite was centrally sitnated on the Great Bed Spot 
was estimated on the central meridian at 8'' 40" SJtf.T. It 
thought, on mentally comparing with the shadow, that the sal 
although as black, was certainly not so definite. 

The iustrument used was an 8^-inch equatorial rellector, 
mirrors of exquisite defining-power by With ; achromatic 
pieces, powers 180 and 285 ; definition excellent on both occasit 
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any observations of the surface-markings of Jupiter have been 
ade during the past opposition, which it is my intention to 
mbody in a paper to be read before the Eoyal Society of N.S.W. 
Paddington, N.S.W. tours faithfully, 

1891, Oct. 12. Wai/ter E. Gale. 

Meteor and Meteor-streak observed in a Telescope. 

Gentlemen, — 

On Oct. 30 at 9*^ 13™ I was sweeping the sky in the region 
a few degrees S.W. of a Pegasi, with a power of 40, field 65', on 
my lo-in. reflector, and picked up a pretty faint, large nebula, 
near some telescopic stars. I had only obtained a momentary 
glimpse of it, and was in the act of clamping the telescope when 
both nebula and stars were suddenly obliterated by the light from 
a fine meteor which shot rapidly across the field from E. to W. 
It inust have been brighter than a ist mag. star. The nucleus did 
not present a sharply defined disc, but looked like a molten, flaming 
Haass, expanding sensibly and leaving behind it a bright streak. 
The end of the meteor was not seen, for it passed beyond the 
limits of the field before final disruption. 

The streak apparently brightened and for an instant it lay like 
^ perfectly straight, luminous bar on the dark sky-ground inter- 
spersed with stars. But it immediately afterwards showed great 
J>roper motion ; the line became undulatory, and one minute after 
its first projection it exhibited a series of sharp curves, giving it a 
Serpentine form. Selecting the apex of a V-shaped bend, I let it 
;^aiSS through the field, and found its rate of motion to be 1° in 
35 seconds, direction from S.S.W. to N.N.E. At first the streak 
"was only i' in width, but in 4 minutes this had increased to 5', 
^nd it was fainter in proportion. It appeared to be seething and 
sparkling, as though composed of materials in a state of ebullition, 
and this effect no doubt belied its true character as a mass of light, 
"floating embers fanned and contorted by wind. 

At the time of the observation there was a very strong surface 
breeze blowing from E.N.E., so that the distant current in which 
the meteor- streak was borne along must have been travelling in 
nearly an opposite direction. 

The streak probably remained visible 8 or 10 minutes altogether, 
but after watching it 4 minutes I shifted the telescope to recover 
the nebulous object referred to at first, but in this attempt I was 
unsuccessful. Possibly the glare from the meteor may have so 
contracted the pupil of my eye as to make it incapable of grasping 
a faint object so soon afterwards. There are several pretty con- 
spicuous nebulae near a Pegasi (N.G-.C. 7448, 7479, and 7515), bufc 
these are known to me, and the object I glimpsed on Oct. 30 is 
not to be identified with either of them. 

I may mention that since April 1889 I have observed 228 
meteors in my telescope, but the one described above was the 
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brightfsfc of all. On Oct. 29 last I saw a motDor of about 8tt 
mag. 2° W". oi ji Cygni, and its motion was so slow that it occupied 
4 Beeonda in traveraiug 33 f C nbiistioa had no doubt 

begun some time before th m t Id into the iield, and its 

disappearance occurred near th ntr This object, like many 
others of its class, gave me an mp n f its great diatance. 

Yours faithfully, 

BriHtol, 1891, Nov. s, TV. p. DE>-NINa. H 

A New Belt on Jvpiler. ^M 

Much has beon published lately on the markings oti Jupiter, 
principally on his belts, the great red spot, and on the small black 
and white spota, &c., &c., bnt I have Keen nothing confirmatory or 
otherwise regarding an observation made by me on the mornLng of 
Sept. 3, 1891. 

Xf my memory is not at fault, no belt has ever been seen exactly 
on Jupiter's equator, the two usually thus called being one on 
each side, therefore, strictly speaking, are not equatorial. 
: On the above date I saw what I had never before seen — a belt 
exactly between the two equatorial belts, and, consequently pre- 
cisely on his equator. It was first glimpsed with a power of T32 
on my i6-inch refractor as an exceedingly delicate dark marking 
eitending from limb to limb, but quite irregular and apparently 
discontinuous in places ; but with powers of 200 and 360, the seeing 
being good, it was better s^en and with the continuity unbroken. 
Its general trend was parallel with the others, and, of course, with 
the equator, but its outline was quite irregular, being only a line 
in some places and belt-iike in others. 

On Sept. 24, with seeing good, 
but not a vestige of it coiUd tte si 
on a scale of 5, it has not been re 

Has any astronomer seen a like pher 

Warner Obwrvaton', Rochester 
1891, Nov. 9. 



a again carefully looked for, 
Since then, with eewigijr 



Yours truly, 

Lewis Swira, -I 



Prediction and Non-Prediction. 

GBNTLEllEtf, — 

One of the facts most generally known in the history of 
astronomy is that the first successful prediction of the return of a 
comet was made by Halley in the case of that which was after- 
wards called by his name. The grounds of bis conclusion are, 
however, not always accurately stated, some fancying that he 
calculated the period of the comet of 1682 observed by himself and 
others. 

What he did was to compare the elements of the orbits of all 
the comets which had been in his time sufficiently observed (and of 
which the observations were accessible (o him) to give hopes that 
these elements might be considered approximately accurate. 




Dec. 1891.] Correspondence. 421 

When he had done so, he was struck with the similarity between 
the orbits as calculated of the comets which appeared in the years 
1531, 1607, and 1662. and of those of 1532 and 1661. He sug- 
gested, therefore, identity in both these cases ; but whilst he did so 
boldly in the former case and confidently predicted the comet's 
ireturn in 1758, he expressed himself doubtfully in the latter in 
these words: — ** Crediderim equidem Cometam etiam anni 1532, 
eundem fuisse cum illo, qui ab Hevelio observabatur ineunte anno 
x66i ; sed observationes Apiani, quas solas de prime habemus, 
nimis rudes sunt, nee quicquam certi in re tam subtili ex iisdem 
elici potest." 

In the case of the comet now always known as Halley's by 
xeason of his confident prediction of its return, he had not only 
accurate observations at two appearances, in 1607 and 1682, upon 
^which to found his conclusion, but there were the additional 
confirmations that a similar orbit resulted from Apian's rough 
observations in 153 1 and that a large comet had been seen (though 
not astronomically observed) in the summer of 1456, **eodem pene 
modo inter Solem et Terram transiens retrograde," so that the 
periods between the four appearances nearly corresponded. With 
regard to the appearance in 1607, Halley was acquainted with the 
observations of Kepler at Prague and Longomontanus at Copen- 
hagen, 

Nearly eighty years after his paper (" Astronomise Cometicffi 
Synopsis '*) was published (it first appeared in the * Philosophical 
Transactions ' for 1 705) the observations by Harriot in England and 
by Lower in Wales were brought to light by Yon Zach. 

Respecting those of Lower, I recently made a communication to 
the * Observatory.' It is much to be regretted that the manuscripts 
cJid not fall first into the hands of an English astronomer, Von 
^ach making many mistakes in their decipherment which were 
afterwards corrected by Kigaud. One of these, which I omitted to 
Xiote in my last letter, was the attribution of Lower's observations 
in Carmarthenshire to Nathaniel Torporley. Mistakes, even when 
^^orrected, often reappear, and this is unfortunately followed in 
Oarl's valuable * Bepertorium der Cometen-Astronomie.' 

Notwithstanding the grave doubts felt by Halley with regard to 

the conjectured identity of the comets of 1532 and 1 66 1, Maskelyne 

^wrote a paper in the ' Philosophical Transactions ' for 1 786 with the 

object of facilitating a search for it in 1 788. The French Academy 

* had, he remarked, proposed the discussion of its motions as the 

subject of a prize, which had not then met with a satisfactory 

response. Mechain, however, not long afterwards undertook the 

investigation, with the result that the identity of the two comets 

was not probable. The elements of both have some similarity, as 

Valz pointed out, with those of the periodical comet of Brorsen ; 

bat the supposition of identity would imply a very great change 

im 4he' comet's personal appearance. Yours faithfully, 

'irtauii^l^tii, yg9i, Oct. 9. W. T. Lykk. 





,' perceptions of an appear- 
nWH ptDduoed by the dusky ring of Saturn, 
"" I Wrigfit, of Durham (whose name is 
a with the so-culled island tbeory of 
9 to OH. been overlooked. It Js found i 
—?." pttfldcufacii in 1742, where he says, p. 34 : — 
- ■j A -gc ny j thb Hiug, as supposing it form'd of 
r Matfa-T: bat thro' the best Teleacopea, it 
,-■ '1 [niinr Biugs, of which two are very 
■ ":^Le. These I saw thro' a five Foot ■ 
-7 Jick:^ion) 1739, in March; the oiit- 1 
. -ATd one 03 i to 3, but the rest wer 
■■'?! inaK tiie Bing appear'd most open." 
■M Ans Mcaaoo oo which the dusky part i 
iraM or " Avd " ring. 

- j(Eier work, ' An Original Theoiy or JVew \ 

''-' ' (^75°% '^'"'t Wright expresses the 

Stfurii thro' a Telescope capable of 

.- r(n other than an infinite Number of 

>?<.■ \re call his Satellites." 

-iiagested before, but not so deflnit«ly 

• - ,-'1.* as his reason for believing it that 

•'".ill Bodies, appears to be sometimea 

■■<'—■■ from Saturn's Body on one 

■bjy leaving a larger Space 

Tours faithfully, 
OM. i^- W. T. Ltbn. 

nt SWw Eclipse o/b.c. 21;. 

-otM Mtv rrfcrence in modern historians (01 

. a' tn itts Mlime, which occurred ia the second 

- a-^inuxtts in Italy, not long before his victory 

■ . r-^^iiuimus. Speaking of the prodigies 

b. xxii. c. i), were manifested about 

. .- \i-as that it was noticed (apparently 

; niiniu visum." At Arpi the his- 

.'.,i ih'm L'lun luna so) em," and at 

I . ■■, ■ The iirat of these two (the 

... ..■ :i meteorological phenomenon) 

■i.i.:v can be little doubt that the 

■ .;i ihe diminution of the Sun's orb, 

-. i".i the 1 ith of February, and waa 

T aJt^ruoon of that day. According 

it-j-^iiissi',' Edipse, — 4,16, ii. 11) the 
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e of cenlrality, after crossing the Atlantic from the northern 

rt of South AJnerica, entered Africa near Cape Verde, and tra- 

jrsing that continent in a north-easterly direction, ended in the 

lediterranean between the islands of Crete and Cyprus. It was 

.oubtless visible as a large partial eclipse in Southern Europe, and 

^lie mention by Livy (whose record is copied by Julius Obsequens) 

forms an additional confirmation (besides that of the eclipse in the 

year of the battle of Zama) of the accepted dates of the events in 

"t^e Second Punic or Hannibalic War. 

Yours faithfully, 
Blaokheath, 1891, Oct. 28. W. T. LlNN. 



PUBLICATIONS. 

Sydney Dotjblb-Stae Mbasthies *. — This is a reprint of a paper 
^U.l)mitted to the Eoyal Astronomical Society in March 1891. It 
^tiabodies the measures made at Sydney from 1882 to 1890, with 
"^He addition of previous observations by other observers where 
^^^otion is suspected. The pamphlet certainly brings forward the 
f ^ct that southern doubles are much neglected, and we can only 
klope that more attention will be given to this class of observatory 
"^^^ork in future. There are stars in this list well worthy of per- 
sistent attention. 



Stab Gbotjps f . — This is a neat and handsome compilation by 
•. J. E. Gore. The author has evidently aimed at presenting 
'^he different groups of stars, to very young beginners, in as attrac- 
tive and instructive form as possible. We think he has succeeded. 



Pbaotioal Asteonomy as applied to Land Sueveying J. — 
Mr. Downes has attempted to put down in 20 pages all the 
astronomy that land-surveyors need know, to save them the 
troable of wading through text-books. As in similar cases some 
of his r^narks (notably those about time) would convey erroneous 
ideas to an astronomer, though they may, and probably will, con- 
vey correct ones to a land-surveyor. The style is concise and 
simple. 

* BeBults of Double-Star Measures made at Sjdnej Observatory under tlie 
direction of H. 0. Russell, B.A., F.BA.S. &o. (Turner & Hendertion, Sydney, 

T obu Groups ; a Student's Guide to the Constellations, By J. E. Gore. 
(London : Crosby Lockwood & Son, 1891.) 

_| BnetiGal Astronomy as applied to Land-Surveying, by B. H. B. Downes 
~ "^ of InBt. Civil Eng. Published by the Institution. 
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NOTES. 



The Geqenscubin. — In No. 243 of the ' Astr. Jourual' Prof. 
Barnard BummarizeB his obaervations of the Zodiacal Counterglow 
or Gegenachein during the years 1888-1891, These were made 
under better conditions than those by the same obaerrer at Nash- 
ville in 1883 to 1887 (Astr, Joum. rii. p. 186) and satisfactorily 
confirm them. 

" When first seen in the fall, the Segenschein is large and 
roundish, and does not seem to bo connected with any zodiacal 
bands. Later, after passing o'', it becomes very much elongated 
along the ecliptic, and is connected with the evening and morning 
zodiacal Ught by a narrow zodiacal band . . , usually from 3° to 4 
wide, and lying along the ecliptic." 

Mr. Barnard's observations of position, 16 in number, " made 1 
with the greatest care and which ahouJd have groat weight in any J 
discussion of the phenomenon," give for the position (X=lo — ■ 
tilde, /3 = latitude) 

0~X=iSo=-6, 0= + i°-3- 

His previous observations (1883-1887) gave 

0-)L = i8o°-6, ■ /3=-|-o'^-3. 

These " prove conciusively that the phenomenon is nearl^ 
always seen in a north latitude. It is possible that this may in 
part be due to atmospheric absorption, though the observationo, 
extending through 40° of zenith-distance, do not give much weight 
to this suggestion. It is a question, however, that can only bp 
settled by corresponding observations in the southern hemisphere, 
Parallas would tend to give it a southern latitude. 

" The observations also prove flat the Gfgenschdii is not alw; 
exactly 180° from the Sun. There is certainly an oscillation of a 
degree or more from + 180". That is, —\ is not a constant 
quantity, there being a tendency to a less longitude than + 180°. 

" In some cases the observations have been made three or four 
hours from the meridian, hut thej do not seem to show aaj 
positive parallax — on the assumption that — X is a constaalf 
quantity, . , ^ 

" I have suggested in my previoiia paper (A. J. vii. p. i86) that 
the pheuomeuon mny be due to some atmormai condition q^ 
refraction by our own atmosphere. There are a number of obt . 
jectioas to this theory, but it might be well to consider it further. 

"In his Mechanical Theory of the Corona, as published in " 
Lick Observatory Report of the eclipse of 1889 Dec. ai- 
Professor Schaeberle has pointed out that a phenomenon simiW 
to the observed Oegenschehi will he produced by a system of nearly, 
radial luminous lines having the Sun as a centre of divergence. 
The centre of the ftf^'iMcAMn is one vanishing point of snch tt ' 
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system of lines, while tho centre oF the solar corona is the nearly 

diametrically opposite vunishiDg point of a similar aystom of lines. 
" These lines, he claims, produce in perspective all the woll- 
knowa coronal forms. Perhaps sufficient observations have now 
mlated to test one or the other of these theories." 



ELiZABETn Thohpsos Soience Fdnd.— This fund, which has 
been established by Mrs. Elizabeth Thompson, of Stjiniford, Con- 
necticut, "for the advancement and prosecution of acientilie 
research in its broadest sense," now amounts to 26,000 dollars. 
As accumulated income will be available December next, the 
trustees desire to receive applications for appropriations in aid of 
scientific work. This endowment is not for the benefit of any one 
department of science, but it is the intention of the trustees to 
give the preference to those investigations which cannot otherwise 
be provided for, which have for their object the advancement of 
htimao knowledge or the benefit of mankind in general, rather 
than to researches directed to the solution of i^uestjons of merely 
local importance. 

Applications for assistance from this fitnd, in order to revive 
cDnsideration, must be accompanied by full information, especially 
in regard to the following points : — 

I. Precise amount required. Applicants are reminded that one 
dollar is approximately equivalent to four English shillings, 
four German marks, five I'rench francs, or five Italian 
lire. 

a. Esact nature oE the investigation proposed. 

3. Conditions under which the research is to be prosecuted. 

4. Manner in. which the appropriation asked for is to bo ex- 

pended. 

All applications should reach, before December to, 1891, the 
Secretary of the Board of Trustees, Dr. C. H. Miuot, Harvard 
Medical Mchool, Boston, Mass., U.S.A. 

It is inteuded to make now grants at the end of 1891. 

The trustees are disinclined, for the present, to make any grant 
exceeding three hundred dollars ; decided preference will be given 
to applicatious for smaller amounts. 



The Solae Pakallax fbom Occult atiotjs. — The peculiar 
advantages of occultations for determining the Moon's place arc 
too well known to need a detailed explanation. The instantane- 
ous disappearance of the star is significant of the absence of a 
sensible lunar atmosphere i and the real limb of the Moon is 
known to pass through a very definite point at this moment. The 
real limb may be said to be unknown to the meridian or altazimuth 
observer. He is accustomed to record the transit of a limb made 
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ipdefinite by difEraction phenomena, and of which different obser- 
vers select different zones for observation ; and, what is more 
important, the same observer will select different zones according 
to the age of the Moon, for observations near new Moon are 
necessarily made in a daylight sky when the .fainter zones of the. 
diffraction border are lost ; while they show quite strongly against 
the night sky of full Moon. Thus meridian observations near 
new Moon are not comparable with those at full Moon. Again, 
meridian observations ure made on the bright limb, which is the 
preceding limb before, and the following limb after, full Moon. 
To obtain the place of the centre we must add the semidiameter 
in the first case and subtract it in the second, and thus, if there 
is any doubt about the diameter, observations before and after full 
Moon are not comparable. There are thus considerable difficulties 
about determining the parallactic inequality, whose period is a 
month, from meridian observations. The coefficient of this 
inequality contains the solar parallax as a factor, and a good deter- 
mination of the coefficient would give us a good value for the solar 
parallax. But a discussion of meridian observations for such a 
purpose is more than likely to give us quite a fictitious parallactic 
inequality, depending on the changes of personality in observation^ 
of the limb. Now the information given by occultations is free 
from this defect. We are here dealing with the real limb, and the 
only personality which concerns us is the difference between that* 
for disappearances and reappearances, which enters into the dia- 
meter. There is, however, the drawback that the number of stars 
in the path of the Moon bright enough to be satisfactorily observed 
at occultation is small, and the number which can be observed at 
both disappearance and reappearance is smaller still. The near 
neighbourhood of the bright Moon overpowers the light of the 
star and tires the eye. 

It was pointed out some years ago that an exceptional oppor- 
tunity is presented by a total eclipse of the Moon. Here both 
limbs are darJc, and there is no moonlight to overpower faint stars. 
We thus have an opportunity of observing the disappearance and 
reappearance of the same star, even though it be 9th or loth mag- 
nitude, of which there are sure to be some occulted. IJnf ortunately 
the eclipses of 1884 Oct. 4, and 1889 Jan. 28, have shown that 
the probable error of such observations is much larger than was 
expected from similar observations of bright stars when there was 
no eclipse. 

Thus it cannot yet be said that we have sufficient material for 
determining the occultation-diaraet/cr and the parallactic inequality. 

Dr. Battermann * has made a gallant attempt to supply this 
deficiency, or at least to show how it may be supphed. He has 

* '* Beitrage zur Bestimrc ung der Mondbewegung und der Sonnenparallaie 
au8 Bcobachtungen von Stern bedeckungen am sechsfiissigen Merz'echen Fern- 
rohr der Berliner Steruwarte," von Dr. H. Battermann, Beobachtungs-Ergebnisse 
der k. S. zu Berlin, Hefte No. 5. 
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shown that near new Moon the oecnhation of companitivehr faint 
stars can he ohsenred; and hence the nnmberof a\-ailable occulta- 
tioDS largely increased. Such ocrultations are not at present pre- 
dicted by computation in our aknanacs. It is usoal to compute 
those for stars down to 6| magnitude only ; but it wouM be well 
to omit some of these near full Moon, and to add fainter ones 
near new Moon. In default of computed predictions. Dr. Batter- 
m&nn used a graphical method for predicting reappearances, and 
simply watch^ for the disappearances. The result is a fine list 
of 250 occultations from 1884 April to 18S5 October, during 
which time the Greenwich observers, using the list of the X.A., 
only obtained 26. 

The deduced places of the Moon are carefully discussed for 
parallactic inequality, and the resulting solar parallax is 

x=8"-794+o"oi6. 



Magketic Observation^ vs Xova Zembla ♦. — The first part of 
the results obtained by the Russian Polar Expedition in the \nnter 
1882-3 has just reached us. The most interesting part of it is 
the brief account of the expedition itself in the Introduction. The 
worst trials of the explorers seem to have been the snow showers. 
*'On the 12th of Xovember the Sun was visible for the last time, 
and now began the 3 months of true Polar night. With the end 
of November came* severe snowstorms, impossible to describe to 
those who have not witnessed them. The first signs of a coming 
storm are milk-white clouds in the eastern horizon ; a S.E. wind 
gets up which rapidly increases in about an hour to a tempest, and 
remains furious for days. On the first and second days of the 
storm thick snow and a number of small stones are blown from 
the neighbouring mountains, and beat on the roofs of the houses 
with such noise as to drown all ordinary conversation ; the rattle 
is like that of looms in a big factory. In the garrets and outhouses 
snow falls as thickly as in the open. On such days it was very 
difficult to make observations. The observers could scarcely take 
the few steps from one instrument to another. They generally 
went slowly backwards, holding tightly to a rope ; the snow wils 
blinding, and the wind made it almost impossible to breathe.*' In 
such conditions the ordinary observations of magnetic declination, 
dip, and horizontal force were made with regularity ! 



Comet Notes. — No. 3064 of the Ast. Nach. contains a discus- 
sion by Dr. Oppenheim of the orbit of Brooks' Comet (1886 IV.). 
The most probable period is 5*5954 years, which would make tho 
next perihelion passage 1892, Jan. 13. He thinks there is little 
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prospect of seeing the comet at the next perihelion u: 
occur considerably later than this. He gives epheni 
aBsumptioii that perihelion takes place — (i) March 1,(2) March 31, 
(3) AprU 30, (4} May 30, (5) June 29, (6) July 29. 

Wolfs Comet promiaes to he within reach for BOme months 
longer. An Edinburgh circular has been isauBii giving an ephe- 
meris by Berherich up to April 3, 1892, when the brightness will 
be half thiit at rediscovery. It reaches its greatest south detdi- 
uution on Dec. 19, and by April 3 will be again near the equatCHh ■ 
We append an ephemeris for December :— 



Dec. 3.. 
7-- 



4 22 58 -13 42-2 

4 20 40 14 14-5 
4 iS 39 14 36-2 
4 16 59 -14 48-1 



E.A. DecL 

IS 41 -14 si- 

14 49 14 46-3 

14 23 14 34-3 

14 24 —14 i6'3 



The places are for Berlin Mean Midnight. 

Temp el-Swift's Comet was observed at Kiev on Oct. 2. 
21" 8" 57"*i4, N. Dec. 4° 19' is"'6, the G.M.T, of observation 



i 

4 



Ephemeris for December. 
N. Decl. 
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Dec. I . . 23 42 I 
S- o 9 57 
9.. o 39 18 25 1- 

The brightness reached a 
j'5 limes that at rediscovery. 



Dee. 13.. 



: 9 13 26 14-9 
'.. I 38 46 27 3-7, 
-- 2 7 3 27 26-8^ 

1 Nov. 27, when it -waa 



TuE LiHHiTios OF Hyperion.— The third of Dr. Hermann 
Struvo's papers on Saturn's Satellites appears in Ast. Nuch. 
No. 3060. The former two dealt with Ehea and Tethys (' Obser- 
vatory,' No. 159, p. 94) and with Mimas andEnceladus (No. 167, 
p. 330) ! an<3 belong to the first of the investigations which 
Dr. Struve proposed to undertake, viz. the determination of the 
orbits of the five inner satellitea. He is now attacking the second 
problem — that of Hyperion ; and a third is yet to come — the con- 
sideration of the hall and ring system. In the present paper a 
libration in the longitude of Hyperion is discussed, A few obser- 
vations only are selected for this purpose, but they are sufficient 
to give clear evidence of the existence of this term, whose period 
is 641 days. If we put 

T=4^- 
where I and I, are the 1 



I 



I longitudes of Hyperion 



andTibu^H 
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spectively, and o) the mean longitude of the perisaturnium of 
yperion, then owing to the relation 

^between the corresponding mean motions, V oscillates about a mean 
^ralue (i8o°), and it is this oscillation which is called a libration. 
G?here will be corresponding inequalities in the longitudes of 
IHyperion and Titan, of amplitudes inversely as the masses. In 
iihe longitude of Hyperion this inequality would be, neglecting 
"the mass of Hyperion as compared with Titan, 

?2=9°sino°-562(e— <o), 

snd the application of this term is found to distinctly improve the 
observed longitudes of Hyperion. The term in Titan will be small, 
depending on the mass of Hyperion ; but if it can be detected it 
will give us a value for the mass of Hyperion, or at least a superior 
limit to its value. 



A Classification op Peeiodic Comets. — It will be remem- 
bered that Prof. Barnard followed Comet 1889 I. to a distance 
greatly exceeding previous records, and greater than the aphelion 
distfince of many periodic comets. This opens up possibilities of 
following comets throughout the whole of their orbits ; but in a 
irecent communication to the 'Astronomical Journal' (No. 246) 
^rof. Harnard is careful to point out an important limitation of 
&uch possibilities. Comet 1889 I. was of a peculiar physical ap- 
pearance, resembling some of the periodic comets, but not all. 
0?here are in fact, according to his experience, two distinct classes 
of periodic comets, if not three. Those in the class of which 
Comets 1889 I. and 1889 II. are an "exact counterpart" (except 
in being periodic) are " comparatively small, and have an indefinite 
central brightness or nucleus, and often an incipient bushy tail. 
Their principal characteristics are their smallness and indefinite 
nuclei. These peculiarities are more pronounced when the comet 
is coming first into view or is disappearing. Many of the para- 
bolic comets resemble them, and there are hundreds and perhaps 
thousands of nebulae just like them in appearance. . . . That some 
one of these comets will be followed completely around its orbit 
some day is only a matter of a reasonable increase in our present 
telescopic power." Another class of periodic comets, which he 
calls Class I., are " large, round, and very gradually brighter in 
the middle, with no special condensation, and of a very diffused 
nature. They are from one to several minutes in diameter, and 
have no nucleus or tail. These are distinctly periodic. Indeed, I 
have seen no representative of this class that was not periodic. 
. . . Trusting to this peculiarity, I predicted, at the first obser- 
vation, that the comet discovered by Swift, 1889 Nov. 16, was of 
short period (see A. J. 207). A similar prediction was made at 
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the first obeervation of D'Aitrest's Comet in i8go, when I suppoaa 
the diaeovery was an entirely new comet (see A. j, 32j)." 



The G-alb of Notbmbbb ii. — -The foUowing are Bomo pat^ 
tioulara of this giile as observed sit the Royal Obaervatory, Gthqu- 
wich. The wind began to increase in atrengtii shortly bet'ora 
midnight on November io,the direction being H.H.E. ■ During the 
night it further increoBed, the greatest pressure registered up to 
7'' 45*' A.ir. of rfovBinber 11 being 5 lb. oa the square foot. Tha 
pressure record was lost from 7'' 45" to 9'' is" a.m. At 10" the 
direction was S.S.W., and from, this time until 11'' pressures coa- 
siderafcly above 5 lb. were many times registered, the greater' 
being 10^ lb. There was then some cessation, until shortly after 
1" 2o°'T.M., at which time the force of the wind increased in the 
most sudden manner, the pressures, which had been ranging from 
a to 4 lb., going suddenly up to pressures ranging from 10 to 
IS lb. This increased force was maintaiued until 4" p.m. ; the 
force then gradually declined until midnight. The greatest prea- 
sures registered at the height of the gale were between i" and 
a" P.M. =25 lb., between 2" and 3" =31 J lb., between 3'' and 4'' 
= 25 lb., and between 4" and 5* = 13 lb. During these tour bourt 
pressures above 10 lb. were very many times recorded, above ig lb;' 
II times, above zo lb. 4 times, the greatest, 31^ lb., occurring 
shortly after 2" 30" p.m. The wind, which at 10" a.m. was S.8.W., 
gradually veered to W.S.W. by 3'' p.m., at which point it remained 
until midnight, becoming afterwards S.W. There was no changfl 
of direction with the sudden increase of force at i** 20" p.m. The 
velocity of the wind at midnight of November 10 was 17 miles' 
per hour,' slightly increasing towards morning, being between 7* 
and 9", 22 miles, between 9* and 1 1", z$ to 30 miles. Then a lull^ 
as before mentioned. Between i" and 5" f.m., the hourly velocity 
was generally nearly 40 miles per hour, being at 1 j" for a period 
of about 7 minutes as much as 50 miles. [These velocities havfl 
been corrected for instrumental error as kindly determined by 
Mr. Dines.] The barometer, which at 8" p.m. on November 10 
read 29'2!) in., bad descended by 5" a.m. following to 28-63 '"^-i, 
and by 1 1 J a.m. to 28'3i in,, a fall of 0-98 in. in 15J hours. The 
reading then increased to zS'sg in. by 3" p.m. on November 11 and 
to a9'o6 in. by 9 p.m., a rise of 0*75 in. in loj hours. Eiain com.* 
menced to fall on the evening of November 10, and fell nearly 
continuously until about 3" p.m. on November 1 1, amount =0-90 in. 

It is believed that tbe record of occasional lai^e pressures of 
wind previous to the year 1882 was due principally to irregular 
action in excessive gusts of the copper wire connecting the pres- 
sure-plate with the registering-pencil. For this wire a brass chain 
was substituted in the year mentioned, which, always in tension,- 
appears to have much improved the record. Since the year iS8» 
no pressure equal to that of November 1 1 has been recorded, " " 



1 
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»eatest in each year having bean, a» follows : — in iSS'a (^fter 
troduction. of braa» chain) 29Jb.,.in 1883 28^ lb., in 1884; 23 lb-,. 
TsQ in 1885, in 1886 28.1b., in 1887 20 lb., in 1888 21 lb.,in 1889 
5 lb., also in 1890, and in 1891 (November. 11) 31^ lb. 



The Solas Paeallax fbom Hbliometeb Obsertations at 
BANSiTS OP Venus. — Dr. Auwers has published * the results of 

'•leliometer measures of the distance of Venus from the Sun's limb 

^it the following stations : — 



1874. Tschifu 


96 measures.. 


Kerguelen Is. 


65 


»> 


Auckland_Is.. 


97 


»» 


Mauritius 


50 


5» 


1882 Hartford 


128 


)) 


Aiken. 


48: 


»> 


Bahia Blanca 


112 


5> 


Punta Arenas 


158 


»> 



The result from the 1874 transit is 8"*877-fo"*o43, and from 
the 1^82 transit, 8"-879-f-o"-o37. The use of a parallax of 8"*8o 
increases the sum of 18 residuals for the 1874 transit from 4"* 7 7. 
to 5''*o5 ; and of 27 residuals for the 1882 transit from s"*62 



to 6''-i2. 



ThbLunae Eclipse of 1891, Nov. 15. — Observations of this 
eclipse seem to have been almost universally frustrated. Nothing 
was done in the British Isles (Greenwich, Clapham, Ealing, Stoiry- 
hurst, Bermerside, Dublin, Glasgow, &c.), or at Paris, Brussels, 
Dresden, Genf, Hamburg, Strassburg, Utrecht, Kiel, Bothkamp, 
or New York. It was clear at Halifax in Canada, and at Madrid, 
Lisbon, and Bermuda. It is perhaps fortunate that the list of 
stars to be occulted during the total phase was comparatively short 
and unimportant. 



Lbs Etolles eilantes db Noyembee. — La forte bourrasque qui 
a sevi, du 12 au 16 novembre, an nord-ouest de I'Europe, a tout 
bouleverse dans nos contrees et dans les stations de notre societe. 
Aussi les observations de meteores lumineux durant les trois nuits 
des 13-14, 14-15, et 15-16 courant, out echoue et n'ont rien pu 
reveler sur la pluie meteorique de cette annee. 

Grace h quelques eclaircies parmi les nuages et la brume, on a 
pu qh et 1^ reconuaitre que le flux meteorique etait cette annce 
plus abondant que les annces precedentes. 

* Astron. Nacb. No. 3066. 
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Ainsi k Fayie, dans la nuit du 14-15, on a observe onze meteores, 
presque tous splendides, emanant de la constellation du Lion. 

A Moncalieri, dans la nuit du 15-16, dix autres Leonides des 
plus brillantes se sont r^velees. 

A Kome, dans la nuit de 13-14, on a pu en reconnaitre 35, et 
II dans la nuit du 15-16. Quelques-unes k peine ont ete 
observees k la forteresse d'Altare, pres de Savone, et h San Mar- 
tino in Pensili (Campobasso) ; rien ailleurs. 

II est regrettable qu'on n'ait pa suivre cette annee la progression 
du pbenom^ne et constater d'une fagon plus sure la frequence des 
reapparitions. P. F. Denza. 

De rObservatoire de Moncalieri, le 23 novembre, 1891. 



M. Palmieki, Director of the Vesuvian Observatory, is responsible 
for the statement that all the great eruptions of Vesuvius take 
place at new or full Moon, and especially at Eclipses. The eclipse 
of June 1 7 was also accompanied by violent earth-currents. 

On the other hand we learn that " Captain de Montessus, who 
has patiently accumulated observations and data concerning earth- 
quakes, has now a Catalogue of more than 60,000 of these pheno- 
mena, individually discussed. He establishes that earthquakes are 
distributed uniformly throughout day and night ; that they have 
no relation to Moon culminations and astronomical seasons, and 
that such coincidences which have been claimed in the past rest on 
insufficient grounds" (Bull. Astr. tome viii. p. 513; the original 
paper being in 'Archives de Geneve,' t. xxii. etxxv. 1889 et 1891). 

Me. S. C. Chandlee, who has done such good work on Variable 
Stars, has temporarily transferred his attention to the latitude, 
which may be called a suspected Variable. The first of what is 
obviously to be a series of papers on tliis subject appears in Ast. 
Journ. No. 248, and deals with the evidence of the Almucantar, 
which is distinctly for variability. We defer summary or criticism 
until the series of papers is complete. 

The second volume (E.A. 6^ to 12**) of the Great Paiis Catalogue 
was presented to the Academy of Sciences on September 21, and 
will doubtless soon be distributed. It may be recalled to mind 
that this Catalogue is founded on about 500,000 observations made 
at Paris during the last 50 years of the 48,000 Lalande stars. The 
first volume was distributed in 1888 ('Observatory,' No. 138, 

P- 303). 

The attempt to find solid rock near the summit of M. Blanc, by 
boring galleries through the ice, iiaving been so far unsuccessful, 
M. Janssen is considering the feasibility of founding an observatory 
on the ice. 



